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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 
LONGITUDINAL AND LATERAL AERODYNAMIC CHARACTERISTICS AT 
COMBINED ANGLES OF ATTACK AND SIDESLIP OF A 
GENERALIZED MISSILE MODEL HAVING A 
RECTANGULAR WING AT A MACH 
NUMBER OF 4.08* 
By Fred M. Smith, Edward F. Ulmann, 
and Robert W. Dunning 
SUMMARY 
An investigation has been conducted in the Langley 9- by 9-inch 
Mach number 4 blowdown jet on a generalized body-wing-tail missile like 
configuration to determine the source of the adverse rolling moment due 
to yaw experienced by this tyPe of configuration having lifting surfaces 
and ventral and dorsal tail surfaces. At the same time it was desirable 
to determine the contribution of the model components (body, wing, and 
tail) to the aerodynamic characteristics of the complete configuration 
and to determine whether or not a simple method exists for predicting the 
longitudinal and lateral aerodynamic characteristics at combined angles 
of attack and sideslip. It was found that the adverse rolling moment 
results from unequal pressures on upper and lower fins induced by the 
wing flow fields at angle of attack, and that in general available 
engineering methods adequately predict the aerodynamic forces but are 
less accurate in predicting centers of pressure. 
INTRODUCTION 
In a number of flight tests of missiles having lifting surfaces and 
dorsal and ventral tail surfaces, it has been found that a fairly large 
adverse rolling moment due to yaw (positive CI~) is imposed on the mis-
siles at combined angles of attack and sideslip. In an effort to deter-
mine the cause of this adverse rolling moment, as well as the effects of 
the various elements of a body-wing-tail configuration upon the rolling 
*Title, Unclassified. 
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moment, various combinations of the components of a generalized missile-
like configuration were tested in a blowdown jet. 
An additional purpose of the investigation was to determine the 
adequacy of available engineering methods in predicting the longitudinal 
and the lateral characteristics for a body alone; a body with one, two, 
three, or four trapezoidal tails or one or two triangular tails; and a 
body with a wing in two longitudinal positions and with the aforemen-
tioned tail arrangements . 
The tests were conducted at a Mach number of 4.08 and an average 
Reynolds number of 1.6 X 106 , based on the maximum body diameter. Normal 
force, pitching moment, rolling moment, side force, and (for several con-
figurations) yawing moment were obtained for an angle-of-attack range of 
00 to 150 for configurations without lifting surfaces and proportionately 
smaller ranges for those with lifting surfaces, for angles of sideslip 
of 00 to 50. 
SYMBOLS 
The forces and moments are referred to the body axes, and the ref-
erence center of moments is located at 51.4 percent body length (fig. 1). 
A body frontal area, nd2/4 
c wing chord 
Cz rOlling- moment coeffiCient, Mx/qAd 
Cm pitching-moment coefficient, My/qAd 
Cn yawing-moment coeffiCient, MZ/qAd 
CN normal - force coefficient, -FZ/qA 
Cy side-force coefficient, Fy/qA 
Cz rate of change of rolling-moment coefficient with angle of ~ sideslip, dCZ/d~ 
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maximum body diameter 
force along Y-axis 
force along Z-axis 
body length 
moment about X-axis 
moment about Y- axis 
moment about Z-axis 
free-stream dynamic pressure 
radius of curvature 
component of free - stream velocity along X-axis 
component of free-stream velocity along Y-axis 
free-stream velocity 
component of free - stream velocity along Z-axis 
longitudinal distance froID body nose to center of pressure 
angle of attack, tan- l w/u 
angle of sideslip, sin- l v/V 
CONFIGURATION DESIGNATIONS 
B body 
H horizontal tail symmetrical about XZ-plane 
VI lower vertical tail 
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Vu upper vertical tail 
Wf wing in forward position 
Wr wing in rearward position 
Subscripts: 
trap trapezoidal plan form 
tri triangular, or half-delta, plan form 
An example of the deSignations is as follows: BWf (HV 2Vu ) trap 
represents a body with wing in the forward position and horizontal, 
upper vertical, and lower vertical trapezoidal tails. 
APPARATUS AND TESTS 
The tests were conducted in the Langley 9- by 9-inch Mach number 4 
blowdown jet. A description of the jet and a test-section flow calibra-
tion is presented in reference 1. The stagnation pressure, which was 
recorded during each run along with the temperature, was controlled by a 
pressure-regulating valve. The pressure was held at approximately 13 
atmospheres and the temperature during the runs dropped from 750 F to 
approximately 300 F. This pressure and temperature range gave an average 
Reynolds number of 1.6 X 106 based on maximum body diameter. The tests 
were run with air having less than 5 X 10-6 pounds of water vapor per 
pound of dry air. The test-section static temperature and pressure did 
not reach the point where liquefaction of air would be expected. 
A four-component internal strain-gage balance was used to obtain 
normal force, pitching moment, rolling moment, and side force for all 
the configurations, and yawing moment was obtained for several config-
urations with another balance. Combined angles of attack and sideslip 
were set by using a combination lens-prism embedded in the model wall to 
reflect and focus a spot from a light source onto a previously calibrated 
screen . In this way true angles were set directly. The angle-of-attack 
range was limited by the design loads of the balance and varied from 00 
to 150 for configurations with no lifting surfaces to a minimum range 
of 00 to 50 for the complete configurations. The nominal angle-of-
sideslip range was 00 to 50 for all tests. 
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MODELS 
A four-caliber tangent ogive nose was combined with an eight-caliber 
cylinder to form the body for all configurations. Added to this body in 
two longitudinal positions was a wing with a rectangular plan form, an 
aspect ratio of 1.67, and a 3.3-percent-thick wedge-slab section. (See 
fig. 2 for all model components.) The model was tested with various 
vertical and horizontal trapezoidal-tail arrangements and various ver-
tical triangular-tail arrangements (fig. 3). The trapezoidal and tri-
angular tails had the same exposed plan-form area and same wedge-slab 
section, but were dissimilar in plan form, aspect ratio, and thickness 
ratio. Complete details are given in figures 2 and 3 and table I. 
PRECISION OF DATA 
The maximum probable uncertainties involved in measuring the angles, 
forces, and moments and in determining the aerodynamic coefficients of 



















The normal f orce and center of pressure at 13 = 00 for the ogive-
cylinder body of this investigation were estimated by the method of 
Grimminger, Williams, and Young (ref. 2), which is simply a correlation 
of all the experimental normal-force data available for bodies of revo-
lution in supersonic flow at the time the correlation was made. The 
method has been used with very good results in references 3 and 4. In 
the present investigation this method was used for the body-alone results 
and for t he contribution of the body when combined with a wing or a hori-
zontal tail, or both. 
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Two - dimensional shock -expansion theory (ref. 5), which has been 
found in references 6 and 7 to give very good lift predictions at the 
present Mach number for three - dimens i onal wings having attached leading-
edge shocks, was used successfully t o predict the wing-alone normal force 
and center of pressure for the wing of this investigation. It was not 
unreasonable, therefore, to use the shock-expansion theoretical predic -
tions for the normal - force -curve slopes and centers of pressure of the 
wing and horizontal tail as a base i n calculating the interference 
forces according to the theory of Pi tts, Nielsen, and Kaattari in ref-
erence 8 . The method of reference 8 is a modification of slender-body 
theory but it i s suggested in the reference that it may be applied to 
configurations other than slender bodies if a realistic normal-force-
curve slope is used for the wing. This was done with good results in 
references 3, 4, and 6. The method was therefore used to predict the 
interference effects of the wing on the body and on the tail, and the 
interference effects of the body on the wing and on the tail, for all 
the combination configurations of this investigation. 
Lateral 
The basic lateral for ce and moment predictions were made by essen-
tially the same methods as the longi tudi nal predictions. The method of 
reference 2 was used to calculate the body side force, the method of 
reference 8 was used to compute the interaction side force of the body 
in the presence of the vertical tail, and shock-expansion theory with 
several modifications was used to comput e the force on the vertical 
tails . Since for close-coupled wing and tail configurations of the 
present type the tails lie in the path of the wing shock and expansion 
fields, it was necessary to compute boundaries and Mach numbers for 
these wing fields in order to estimate the tail forces. 
In order for the force on the tail to be computed, the tail was 
first divided into a finite number of horizontal strips and then, to 
account for the body sidewash, the angle of incidence of each strip was 
varied across the span according to the equation of reference 9: 
~' = ~[l + (~) 2J, where ~' is the modified angle of incidence, ~ is 
the indicated angle of incidence, a is the body radiUS, and x is the 
perpendicular distance from the body center line. 
The shock-expansion pressures were then obtained by using the com-
puted angl e of incidence f or each strip along with the corresponding Mach 
number of the wing flow field . When the force for each strip had been 
determined a summation was made of the tail forces and then combined with 
the other f orces of the configuration. This process was repeated for 
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After determining the forces it was a simple matter to determine the 
moments, both yawing and rolling, by combining an estimated center of 
pressure for each element of the configuration (including tail strips) 
with its force. The predictions in final form are Cy~, Cl~' and Cn~ 
plotted against a, along with the experimental results. Some of the 
results of this method are also shown in reference 10 at Mach numbers of 
4 .06 and 6 . 86 . 
RESULTS AND DISCUSSION 
Longitudinal Characteristics 
The basic experimental longitudinal coefficients are presented in 
figures 4 to 9 as functions of angle of attack for representative angles 
of sideslip and in figures 10 to 12 as functions of angle of sideslip for 
representative angles of attack. A complete listing of the experimental 
results (except for wing-alone data, fig. 8) may be found in table II, 
and an index of the figures is presented as appendix A. 
Effects of angle of sideslip. - In general, the normal force for con-
figurations having a wing is only slightly affected by changing the angle 
of sideslip from 00 to 40 or 50. (See figs. 4 to 6 and 10 to 12.) With 
the wing removed, however , a small but consistent increase is observed in 
CN with an increase in ~ from 00 to 40 or 50. An explanation for this 
normal-force increase, which is dependent not on the increased resultant 
angle but on the nonlinear normal-force curve and the resolution of the 
resultant forces for bodies of revolution, is given in appendix B. 
The pitching moment is affected to a greater extent by the change in 
~. One possible explanation for this change in pitching moment with 
increased ~ is the increased loading on the body due to interference 
between the body and vertical tail, since the greatest effects are indi-
cated by the configurations having unsymmetrical vertical tails. (See 
figs. 4 (b), (c), (f), and (g), and 5(b) and (c).) 
Effects of tail configuration.- A careful examination of figures 4 
to 6 reveals that, with one exception, changes in tail arrangement or 
plan form had very little effect on the normal force. The one exception 
was the addition or removal of the lifting horizontal tail. Figure 7 
shows a sizable shift in the pitching-moment curves with a change in 
tail configuration from an upper fin to a lower, but there appear to be 
no significant changes in the slopes. The shift is easily explained by 
considering the drag force produced by the wedge leading edge of either 
the upper or lower fin, acting eccentric to the body axis and causing the 
CONFIDENTIAL 
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initial pitching-moment increment at ~ = 00 . The two tail plan forms 
tested contributed like effects on the pitching moment. 
Effects of wing position.- The only effect of changing the wing 
position was the change in pitching moment due to moving the point of 
application of the wing normal force. 
Comparison with theory.- Figure 8 shows the experimental results 
for wing-alone tests compared with two-dimensional shock-expansion 
theory for normal force and pitching moment. Because of the small 
values of pitching moment involved, slight inaccuracies in the center-
of-pressure prediction cause rather large percentagewise differences in 
pitching moment . The normal-force prediction is within 5 percent of the 
experimental results for most of the angle-of-attack range. 
Comparisons of experimental and theoretical normal force and 
pitching moment are shown in figure 9 for various combinations of the 
wing, body, and cruciform trapezoidal tail. The predictions were quite 
adequate for the normal force when the following methods were used: two-
dimensional shock expansion for the wing and horizontal-tail lift, the 
method of reference 8 for body upwash, and the hypersonic approximation 
of reference 2 to predict the nonlinear lift of the body. The predic-
tions for the pitching moment (fig. 9(b)) were not as good as those for 
the normal force, indicating that the center-of-pressure predictions for 
the wing and its interactions were not as accurate as the force predic-
tions. The predictions for the body and body-tail configurations were 
within approximately 10 percent of the experimental values, but in some 
instances the body-wing and body-wing-tail predictions showed more than 
a 30-percent variation from experiment. 
Lateral Characteris tics 
The basic lateral data are presented in figures 10 to 12 along 
with the longitudinal data against angle of sideslip for representative 
angles of attack . For ease of discussion, configurations with and 
without the wing will be treated separately. 
Wing-off configurations .- The wingless configurations in figures 10 
to 12 show no noteworthy trends in Cy or C2 when plotted against ~. 
When plotted against ~, however, as shown in figure 13 for ~ = 40 , Cy 
and C1 both indicate a decrease in effectiveness with increasing ~ 
for the body with upper tail, whereas a slight increase in ef~ectiveness 
was indicated for the configurations with a lower tail. It was assumed 
at first inspection that this was the result of the low-aspect-ratio 
upper fins being shielded by the body at angles of attack above zero. 
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possibly account for all the loss in effectiveness because the side 
force for the body with upper triangular tail is actually less than that 
for the body alone at the higher angles of attack, and the rolling moment 
actually reverses sign at these high angles. The results for the body 
with upper trapezoidal tail (fig. 15), although not showing the Cl 
reversal, do show the decreased effectiveness in Cl for the higher 
angles of attack. The loss in effectiveness and the reversal can be 
attributed to the body vortices shown in profile in figure 16, which 
consists of schlieren pictures of the flow over the body alone, body 
with the upper triangular tail, and body with wing at several angles of 
attack. 
In an attempt to gain a better understanding of this rolling-moment 
phenomenon, the incremental roll produced on a yawed body by adding an 
upper vertical tail was obtained and is presented in figure 17 as a 
function of the vertical location of the vortex core in percent tail 
span. It should be noted here that because of the differences in span 
of the triangular and trapezoidal tails, the same vortex location in 
terms of percent tail span is obtained at different angles of attack 
(and t herefore different vortex strengths) and the moment areas of the 
tails are different. Both of these characteristic differences should 
tend to magnify the roll contribution of the trapezoidal tail but, as 
shown in figure 17, the roll contributions of both tails are approximately 
the same. This similarity in rolling moment for the two tails indicates 
tha t at higher angles of attack, when the vortices reach the tip of the 
t r apezoidal tail, the rolling moment might also reverse sign. 
The effectiveness in CYI3 and for the two tail plan forms is 
shown in figure 18 . The effectiveness of the tails is presented a s the 
ratio of the incremental CY13 or C213 contributed by the tail at 
a ? 00 t o that contributed at a 00 . Note the negative effectiveness 
of the upper triangular tail at the higher angles of attack, indicating 
a decrement instead of an increment in CYI3 and C213 contributed by 
the tail. 
Figures 10 t o 12 show the same increase in side force for the wing-
less configurations at c ombined angles of sideslip and attack as was 
pointed out f or the normal force in the discussion of longitudinal 
characteristics . The discussion in appendix B also applies in thi s 
instance. 
Wing-on configurations.- The most significant change in the lateral 
characteristics caused by adding a wing is the large increase in rolling 
moment for the configurations having symmetrical vertical tails. (See 
figs. 10(a) and ll(a).) In general, the addition of the wing provides an 
CONFIDENTIAL 
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increment in rolling moment with increasing angle of attack for all con-
figurations with a vertical tail surface but has very little effect on 
side force. (See the remaining parts of figs. 10 and 11.) Figure 19 
shows Cy) CL ) and Cn at a = 40 for the components of a configura-
tion consisting of a body) a wing) and a symmetrical vertical tail 
including their interactions . It is shown that for this type of con-
figuration the body and the tail actually produce most of the side 
force and that the small wing contribution actually opposes the 
resultant force. The tail alone contributes practically all the yawing 
moment) being opposed by the contributi on of the body. The rolling 
moment is provided by the flow field of the wing over the tail. This 
is the adverse roll due to yaw to which missilelike configurations with 
close -coupled wing and symmetrical vertical tails are subjected. 
The wing position affects the lateral characteristics only to the 
extent that it increases or reduces the vertical- tail area exposed to 
the wing shoc k and expansion fields. Examples of this wing-position 
effect are shown in figures 10 and 11) where it can be seen that the 
trapezoidal tail) which has a higher aspect ratiO) experiences larger 
changes in rolling moment than the triangular tail owing to the greater 
changes in exposed area . Figure 20 ) which is presented to demonstrate 
the effects of angle of attack on a number of 'configurations at ~ = 40 ) 
adequately shows the reduced CL for the configuration with trapezoidal 
tails with the wing in the rear position. The rolling moment for the 
triangular tails and the side force for all the configurations in fig-
ure 20 are generally unchanged by the alternate wing position of this 
investigation . Figure 20 also indicates that an increase in angle of 
attack generally provides an increment in CL and an increment in nega-
tive Cy . 
The effic iencies in Cy~ and CL~ for the various vertical tails 
immersed in the flow field from the wing in two longitudinal positions 
are given in figure 21 . These efficiencies (the ratios of the incre-
mental Cy~ or CL~ produced by the vertical tails in the presence of 
the body and wing to that pr oduced by the same tails in the presence of 
the body without the wing) give an indication of the effectiveness of 
the tails in the presence of the wing fl ow fields through an angle-of-
attack range . Figure 21 indicates that the upper trapezoidal tail gen-
erally loses some effectiveness with increasing angle of attack) 
especially with the wing in the rearward position when the low pressure 
field from the wing reduces the force on the tails. The upper triangular 
tail) 'however) actually gains effectiveness with increasing a when the 
wing is in the forward position. This is the result of the low-pressure 
wing flow field moving off the lower -aspect-ratio tail and exposing the 
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Comparison with theory .- Predictions of C2~' Cn~, and Cy~ for 
the body with wing and trapezoidal tails are shown in figure 22(a); 
CI~ and Cy~ only are given for the configurations with triangular 
tails (fig. 22 (b)) . In general, the trends of the experimental C1 are ~ 
adeQuately predicted, and except for the configuration with two trape -
zoidal tails, the experimental values are generally predicted within 15 
to 20 percent. The predic t i ons for Cy~ were always within 10 percent 
of the experimental values . I t would seem that the forces can be esti-
mated with much more accuracy than the centers of pressure, since the 
predictions for Cy~ are much better than those for C2~. The predic -
tions for Cn~ are also rather inaccurate; in all cases they are higher 
than the experimental results . 
CONCLUSIONS 
A wind-tunnel investigation has been made for a number of body-tail 
and body-wing-tail missilelike configurations at a Mach number of 4.08 
at combined angles of attack and sideslip, and the experimental results 
have been compared with engineering methods of prediction. The following 
conclusions were drawn regarding the longitudinal and lateral aerodynamic 
characteristics of the configurations : 
1. Engineering methods exist which give reasonable approximations of 
the forces for both the longitudinal and lateral results of this investi-
gation but less accurate approximations for the centers of pressure. 
2. For angles of attack greater than zero at a given angle of side-
slip, the major sources of adverse incremental rolling moment are (a) the 
wing shock and expansion flow fields acting on the vertical tail and (b) 
the shed body vortices acting on the upper vertical tail. 
Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va . , May 12, 1958. 
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APPENDIX A 
INDEX OF FIGURES 
Figure Description 
1 Axis system for tests with direction of forces and moments 
2 Schematic di agram of model showing important dimensions 
3 Schematic diagram of various tail configurations of tests 
4 CN and Cm against a ( ~ = 00 and 40 or 50 ) for all con-
figurations having trapezoidal tails 





figurations having triangular tails 
CN and Cm against a ( ~ = 00 and 40 ) for configurations 
having no tail 
Cm against a ( ~= 00 ) showing effects of tail arrangements 
Experimental and theoretical CN and Cm against a for 
wing- alone test 
Experimental and theoretical CN and Cm against a ( ~ = 00 ) 
for various c ombinations of a body, wing, and cruciform trape-
zoidal tail 
10 CI , Cy, Cn (when available), Cm, and CN against ~ 
11 
12 
(a = 00 and 40 ) for a l l configurations having trapezoidal 
tails 
CI , Cy , Cm, and CN against ~ (a 
figurations having triangular tails 
00 and 40 ) for all con-
CI , CYJ Cn , Cm, and CN against ~ (a 
c onfigurati ons having no tail 
00 and 40 ) for 
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Figure Description 
14 Cy and C2 against ~ (~= 00 , 80 , 120 , 140 , and 150 ) for 
body alone and body with upper triangular tail to show 
effects of body vortices 
15 Cy and C2 against ~ (~= 00 , 80 , and 150 ) for body with 
upper trapezoidal tail to show effects of body vortices 
16 Schlieren photographs of flow for body alone, body with tri-
angular tails, and body with forward wing at angles of 
attack of 00 , 50, 100 , and 150 
17 Incremental C2 due to ~ against percent of tail span 
18 
(~ = 10 and 50) for two configurations of body and upper 
vertical tail 
Tail effectiveness at ~ in Cy~ and C2~ against ~ 
several tails in combination with a body of revolution 
for 
19 Sources of Cy, C2' and Cn against ~ (~= 40 ) among the 
various elements of a body with wing and vertical tails 




Tail efficiency in and against for several 
tail arrangements in combination with a body of revolution 
and a wing 
Experimental and theoretical C2~' Cn~' and Cy~ against 
for a body-wing-tail configuration having several tail 
arrangements 
23 Normal-force and side-force characteristics for a body of 
revolution at combined angles of attack and sideslip, 
illustrating equations of appendix B 
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APPENDIX B 
FORCES ON A BODY OF REVOLUTION AT COMBINED 
ANGLES OF A'ITACK AND SIDESLIP 
In the rectangUlar coordinate system of sketch (a) the point F 





o ~---f--~ Y I 
R 
XI XI 
Sketch (a) Sketch (b) 
and an angle of sideslip ~ . The angle y resulting from these com-
bined angles and limited by the body FO and the X I (wind) axis can be 
expressed as 
cos - l cos ~ cos ~ (1) 
Curves of this e~uation are shown in figure 23(a) . 
The resultant force (RF in sketch (b)) imposed on the body at a~gle 
of incidence y by the airstream can be resolved into two components, 
NF (normal force) and SF (side force). Upon solving for these two compo-
nents the normal force is found to be 
CONFIDENTIAL 
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and the side force is 
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NF = RF cos § sin ~ 
sin '1 




If the variation of force on the body is linear with changing angle, 
then 
and 
(NF)I3~O o(NF) '1 cos B sin ~ <h sin '1 (4) 
For a more general form of the equation, the ratio of the normal force 







r cos i3 sin a 
a sin r 
and the corresponding ratio for the side force becomes 
(CY)~~O 
(CY)~=O 
r sin i3 
= -'-----'-
13 sin r 
CONFIDENTIAL 
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The ratios of equations (5) and (6) are plotted in figures 23 (b) and 
(c), respectively, which show that the normal force for a constant a 
decreases with increasing ~ and the side force for a constant ~ 
increases with increasing ~. 
The nonlinear force curve, more characteristic of a body of revo-
lution than the previously assumed linear force variation, is shown in 
figure 23(d). This curve was computed from the results of reference 2 
for a body of revolution with an ogival nose and an afterbody with a 
fineness ratio of 8 for a Mach number of 4. Note the two- and three-
fold increase of some of the curves in figures 23(e) and (f) over 
corresponding curves in figures 23(b) and (c), due entirely to incor-
porating values from the nonlinear body force curve with equations (5) 






(CR)i3~O cos i3 sin ~ 
(CN)~=o sin )' 
, (CR)~ sin i3 
(Cy ) sin 'V ~=O I 
where CR is the resultant force coefficient at angle )'. 
(8) 
The preceding equations and figure 23 explain and demonstrate the 
increases in normal force and side force that occur when angles of attack 
and sideslip are combined for a body of revolution. The increases can be 
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TABLE I. - GEOMETRIC CHARACTERISTICS OF THE MODELS 
Body: 
Length, in. . .... 
Maximum diameter, in. 
Frontal area, s~ in. 
Nose length, in. 




Area, SCI. in. 
Aspect ratio 
Taper ratio 
Maxi mum thickness, in. 
Leading -edge sweepback, deg 
Dihedral . . . . . . . . . 
Trapezoidal tail (one only): 
Span (exposed), in. 
Root chord, in. 
Ti p chord, in. 
Area (exposed), sCI. in. 
Aspect ratio (exposed) 
Taper ratio . . . . . 
Maximum thickness, in. 
Leading -edge sweep back , deg 
Triangular tail (one only) : 
Span (exposed), in. 
Root chord (exposed), in. 
Area (exposed), sCI. in. 
Aspect rati o (exposed) 
Taper ratio . . . . . 
Maximum thickness, in. 
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TABLE II . - EXPERIMENTAL RESULTS 
13 , a , CN Cm 
x. CI Cy Cn 
fl , a, CN Cm 
x, 
Cl Cy Cn deg deg ,; 1 deg deg %1 
(a ) Configuration B (b) Configur ation BWf 
0 0 -. 0083 - . 0065 
-
.0007 0 0 -.O63~ .0001 
- -.0243 .0004 .0003 
0 2 . 1051 .3094 27 -.0007 - .0059 0 2 .7890 .21.58 49 -.0162 -.0027 .0744 
0 4 . 2298 .57" 31 .0026 - ,0030 0 4 1.6563 .39)5 49 -.0080 -.0072 .1251 
0 6 , 4149 . 1368 37 ,0013 -. 0014 0 6 2.4987 .5326 50 -.OUL -,all" .U16 
0 8 .66 84 .7509 42 .0034 - .0132 0 8 3.5357 .6516 50 -.0079 -.0204 .301J 
0 10 .96 53 . 1706 45 .0024 - .01 48 
0 12 1.2550 . 8173 46 .0090 -. 0250 
0 14 1.5836 .86 29 H .0083 -. 0268 
0 15 1.7719 . 8546 47 . 0129 - . 0309 
1 0 -. 00 42 -.006' 
-
-.000 3 
-. 0555 1 0 -.0591 .0040 - -.0173 -.0.539 -.150] 
1 2 . 1092 . 3045 28 - . 0009 -. 0 601 1 2 .8018 .2201 49 -.0111 -.OS4~ -.0970 
1 4 .2339 .5705 31 . 0020 -. 0 6S6 1 4 1.6478 ,3981 49 - .0190 -.0628 -.044):3 
1 6 .4174 . 7302 37 .0009 - . 0 195 1 6 2.4961 .5418 50 -.0261 -.0701 .0100 
1 8 .66 93 .744 6 42 . 0022 -. 0 9 0 6 1 8 3.5063 .4762 50 -.0103 -.0835 .120' 
1 10 . 951 2 .7619 45 . 0031 -.1 104 
1 12 1.26 33 .... 8159 46 . 00 74 -.1257 
1 14 1.5792 .8606 47 . 0081 - . 1387 
1 15 1.7741 . 8 6 38 47 .0110 - .14 5 1 
2· 0 - .00 80\- - .0 100 
-
-. 0013 - . 11 6 8 2 0 -.0590 -.0036 
-
-.0112 -.1055 
2 2 . 1134 . ]040 29 -.00 1 8 - .1l87 2 2 .8009 .2383 49 -.0152 -.lI3l 
2 4 . 2426 .5517 32 .0007 - .13-43 2 4 1.6437 .4221 49 -.0208 -.1259 -.213) 
2 6 .4289 . 7001 18 . -.1571 2 6 2.4963 .55-66 49 -.0,o0 -.1,6.2 -.1590 
2 8 . 6 776 .7212 42 • 0009 -. 186 9 2 8 3.5110 .7078 50 -.0205 
-.1"9 
2 10 .9~3 .7584 45 . 0018 -. 2132 
2 12 1 . 2715 .8150 46 .00 68 -. 2381 
2 14 1 . 5874 .8498 47 . 0074 -. 25815 
2 15 1.7739 .8520 47 . 0092 -.2695 
~ 0 -.0094 - . 0140 - -.0028 -.1820\- 1 0 -.0631 -.0016 - -.0121 -.165. -.~·ll 
3 2 .1134 . 2890 30 -.0023 - .1890 3 2 .8020 .2519 49 -.0122 -.1771 -.415) 
3 4 . 2509 . 52&\2 34 - .0002 - .2102 3 4 1.6-416 .4473 49 -.0200 -.1917 -.4022 
3 6 .4451 .6715 39 -.00Q6 -.2433 3 6 2.4~0 .5-920 49 -.0281 -.2091 -.3Jn 
3 8 . 6985 .6922 43 .0005 -. 2833 J 8 3.5107 .1405 ,0 -.0290 
-.2411 -.2.915 
3 10 . 9840 .736 4 45 .0014 - .3185 
3 12 1 . 2 857 .7921 46 . 0056 - .3553 
3 14 1 . 5979 . 8355 47 . 0052 -. 3803 
3 15 1.7846 .8375 47 .0068 -.3959 
4 0 -.0084 -.0100 
-
- . 0031 -. 251'2 4 0 -.0588 -.0037 
-
-.0021 -.2315 
4 2 .1216 .2731 33 - .0033 -. 266 4 4 2 .8020 .2749 48 -.0058 -.2505 
4 4 . 26 84 .4971 36 - .0008 - .29n 4 4 1.6334 .4102 49 -.0117 
-.266' 4 6 .&\103 . 6194 40 -. 0008 -.3415 4 6 2.5026 .6208 49 -.0232 -.2898 
4 8 . 7246 .6528 44 - .0005 -.3889 4 8 3.4808 .1821 49 -.0366 -.3258 
4 10 1. 00 37 . 7134 45 -.0006 -.4280 
4 12 1 . 2941 . 765 0 46 . 0034 - . 4693 
4 14 1.6167 . 8127 47 .0037 -.5043 
4 15 1.7972 .8129 48 .0044 -. 5249 
5 0 -. OO,U - .0071 
- - .00 4 6 - .34-'t9 5 0 -.0589 -. 0 041 
-
.0018 -.3126 -.711.! 
5 2 .1299 . 2606 35 -.0037 -. 35 8 1 5 2 .7809 .2881 48 .0081 -.3328 -.'.19 
5 4 . 2852 . 466 0 38 -. 0024 -.398 1 5 4 1.6543 .4942 49 -.0005 -.3532 -.638'9 
5 6 .4955 .5753 42 - .0005 -.4-Slt4 5 6 2.49-\3 .64-83 49 -.0137 -.3794 -.6180 
5 8 .7497 . 6313 44 -.0006 - .4971 5 8 3.5042 .8395 49 -.0409 -.4105 -.5984-
5 10 1 . 0317 .6759 46 -.0006 - . 5&\90 
5 1 2 1.3209 .7406 47 .0029 -. 5900 
5 14 1.6334 .7742 47 .0031 -. 636 2 
5 15 1.8241 .7774 48 .0046 - .6580 
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TABLE II. - EXPERIMENTAL RESULTS - Continued 
fl, a, CN Cm 
x, Cz Cy Cn 
fl , a , CN Cm 
x , 
Cl Cy Cn deg deg Yo l deg deg %1 
(e) Configuration B(Vultrap (d) Conflguration BWf(Vu)trap 
0 0 -.0.19 .1~)6 - -,0052 -.0087 0 0 -.0679 .1"..4 
-
-.0269 -.0054 .0'00 
0 2 .0756 .~626 
-
-.0014 -,0014 0 2 .n09 .3775 47 .... 02" ,0004 .0920 
0 4 .2054 .1359 21 .0095 -.0031 0 4 1.6311 ,53-96 49 -.0066 -.01'1 .1..u 
0 6 .3946 .8993 32 .0154 -.0003 0 6 2.4ni1 .65H 49 -.0064 -.0071 .2016 
0 8 ,6461 .9211 39 ,0108 -.0060 0 e 3.46~7 .7681 49 .008. -.020'7 .2691 
0 10 ,9402 ,9061 H .0182 -,0°92 
0 12 1.2492 .9392 45 .0170 -.0238 
0 14 1.5690 U .0243 -.0242 
0 15 1.1492 .9862 47 .0199 -.0325 
1 0 -.0425 .1781 
-
-.1013 -.1~74 1 0 -.0682 .2052 
-
-.H80 -.l'~l .3055 
1 2 .0707 .4863 
-
-.0946 -.1362 1 2 .1696 .)911 41 -.1042 -.1290 • 29M 
1 4 .2047 .1480 21 -.0840 -.1419 1 4 1,6138 ,54.6 48 -.0920 -.1~64 .,75-9 
1 6 .3818 .9090 32 -.0718 -.1328 1 6 2.4731 .6750 49 -.0854 -.U56 .3352 
1 8 ,6412 .9307 '9 -.0768 -,1451 1 e 3.4558 .1880 49 -.0.92 -.1500 .3$9) 
1 10 ,9411 .9189 43 -,063) -,14)4 
1 12 1,2486 .9587 4' -.0589 -.1575 
1 14 1.5741 .9S89 46 -.0331 -.1521 
1 15 1.7510 .9951 41 -.034' -.1636 
2. 0 -.0481 ,2148 - -.2005 -.2904 2 0 -. 0 612 .2363 
-
-.21,2 -.2111 .51" 
2 2 .06S8 .50n 
-
-.1863 -.2808 2 2 .7718 .4372 41 -.laS8 -.2", .,OH 
2 4 .2151 .1691 22 -.1882 -.2838 2 4 1.6202 .5903 48 -.16U -.2723 
.4'" 
2 6 .4017 .91S9 )2 -.1751 -.2866 2 6 2.47&7 .7150 49 -.1'22 -.2662 .4201 
2 8 .6510 .9324 40 -.1691 -.29TI 2 8 3.4577 .8469 49 -.1434 -.29st .42" 
2 10 .9376 .9533 4' -.1481 -.2919 
2 12 1.2524 .9115 4' -.14'9 -.31')6 
2 14 1.5739 .9906 46 -.1055 -.3052 
2 15 1.1568 .9928 47 -.1120 -.3162 
3 0 -.0506 .2654 - -.2937 -.4379 J 0 -.0554 .2184 - -.312' -.4180 .8164 
3 2 • 0102 .5452 
-
-.2778 -.428' ) 2 .7777 .4782 ~ -.269 • -.40Sl •• 96.2 
3 4 .2216 .1843 22 -. 2802 -.4389 ) 4 1.6265 .631' 48 -.2422 -.40.- ."58 
3 6 .4203 .9243 
" 
-.2698 -.4482 3 • 2.4899 .7650 49 -.2273 -.)998 .52ZJ J 8 .6709 .93'3 40 -. 2515 -.453 0 J 8 3.4697 .889'9 49 -.2052 -.4118 .4401 
3 10 .9543 .9398 43 -.2394 -.4546 
3 12 1.2614 .9609 45 -.2209 -.4637 
3 14 1.5850 .9758 46 -.1940 -.4728 
3 15 1.1611 .9142 41 -.181 .. -.4184 
4 0 -.05]9 .3281 
-
-.184, -.5913 4 0 -.0419 .3326 
-
-.4051 -.5101 
4 2 .0192 .58~ 
-
-.3106 -.5836 4 2 .1695 .5381 4' -.3521 -.5 481 
4 4 .2394 .7984 24 -. 3718 -.5962 4 4 1,6,.8 .6890 48 -.3015 -.)438 
4 6 .4419 .912'2 34 -."14 -.6163 4 6 2.4922 .8195 49 -.2816 
-"176 
4 8 .1020 .9391 40 -.3454 -.6210 4 8 3.4761 .961' 49 -.2619 -. 5592 
4 10 .9811 .9413 H -,3279 -.621.3 
4 12 1.2820 .9497 45 -.2991 -.628' 
4 14 1.6012 .9662 ~ -.2683 -.6416 
4 15 1.1829 .9514 41 -.2514 -.6402 
5 0 -.0521 .4022 
-
-.4858 -.1657 , 0 -.06-67 .3834 
-
-.5004 -. 73 1e 1.4190 , Z .0972 .6435 - -.4716 -.1582 5 2 .7901 .60H 45 -,4321 -.70,0 1.1]129 
5 4 . 2640 .8168 26 -.4556 -.1643 5 4 1 .... 51 • nil'> 48 -.3651 -.6.78 .9211 
5 6 .4100 .9151 35 - .... 22 -.1860 5 6 2.5336 .8948 48 -.3306 -.6950 .7631 
5 8 .1303 .9475 41 -.4291 -.1911 5 e 3.~22 1.0355 49 -.)202 -.10" .6111 
5 10 1.0148 .9446 44 -.4058 -.80)8 
5 12 1.3248 .9468 45 -.3689 -.8010 
5 14 1.6314 .9459 41 -.3285 -.81~ 
5 15 1.8139 .9335 41 -.3049 -.8213 
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TABLE II. - EXPERIMENTAL RESULTS - Continued 
fl. a. CN Cm 
x, CI Cy Cn fl . a . CN Cm 
x. 
Cl Cy Cn deg deg '; / deg deg %/ 
(e) Configuration B(VI )trap (f) Configuration BWt<VI) trap 
0 0 .0168 -.17111 
-
.0013 -, 0015 0 0 -.03"38 
-.1787 
- -.015-4 -.0041 .l"n 0 2 .1:346 .1)60 41 -.0036 .0001 0 2 .~08 .O~ 51 -.0112 -.0086 .2007 0 ~ .2.551 .3M2 38 -.0021 0 ~ 1.6715 .1788 '0 -.0057 -.0161 .~ 0 6 .4461 .5377 41 -.0042 .0030 0 6 2.5119 • ].162 
'0 .0011 -.02.,. .162'7 0 8 .6959 .5493 45 -.0029 -.0043 0 8 3.531.2 .~249 50 .0209 -.038. .4a.4 0 10 .9829 .5438 ~1 .0044 -.Ol~ 
0 12 1.2831 .6008 ~1 -,0012 -, 0 160 
0 1~ 1.6124 .6388 ~8 .0012 -.0162 
0 15 1.1878 _6548 48 -.0034 -.0146 
1 0 .0256 -,16-45 
-
.0979 -.14'91 1 0 -.016.2 -,1824 
-
.O9~7 -.142.:S .4"1 1 2 .1351 .1353 ~1 .0921 -.1483 1 2 .8403 .02.1 J 51 .1026 -.lSM .5S22 1 ~ .2650 .3929 39 .0922 -.1510 1 ~ 1.6651 .1186 50 .1124 -.1755 ••• 1 1 6 .~461 .5351 41 .0925 -.1571 1 6 2.S498 .309' 50 .1343 -,201" .12. 1 8 .6930 .5493 45 .0928 -.1745 1 8 3.5293 .412') 
'0 .1452 -,225, .928:7 1 10 ,9864. .5484 ~1 .1030 -01989 
1 12 1.2894 ,6075 ~1 ,1013 -.21 07 
1 14 1.6139 -."31 ~8 .1118 -.2358 
1 15 1.7833 .6491 48 .1043 -.231'2 
2 0 .0271 -.1832 
-
.1944 -.2966 2 0 .0022 -.1948 
- .2033 -.2859 .U79 2 2 01"8 .1161 ~5 .1922 -.2978 2 2 .8327 -.0003 51 .2211 -,11],1 .8782 2 4 .2697 .3655 ~O .1925 -.)1 01 2 ~ 1.6578 .1688 ~o .2361 -.3:174 1.0.U 2 6 
."589 • .-.959 ~2 .1931 -.333 0 2 6 2.~21 .2901 ~o .2162 -.3804 1.24W 2 8 .10~9 .5128 45 .1911 -. )619 2 8 3.5)81 .3as6 50 .3092 -.~2"1 1052<\6 2 10 .9931 ,5213 "7 ,2013 -.3943 
2 12 1.2938 .6208 ~1 .2196 -,43S4 
2 H 1,6142 .6253 ~8 .2236 -,453'-' 
2 15 1.1919 .6329 ~8 .2211 -.~7 
.' 
3 0 .0250 -.2110 
-
.2918 -.4501 ) 0 ,0001 
-.2146 
-
.3010 -'4~ .9505 3 2 .1466 ,0691 ~1 .2938 -,'-'607 3 2 .az53 -,0271 52 .)417 -.~64~ 1.2:13) 3 4 .2836 .305 3 ~2 , 2950 -,'-'199 3 4 1.6471 ,1452 51 ."20 -.511. 1 •• sn 3 6 .4723 .4H1 
" 
.2951 -.5105 J 6 2.5550 .2769 So ,4183 -.57." 1.nU 3 8 .7221 .4559 ~6 .3015 -,5418 3 8 305181 .1663 50 .46)4 -.6286 2.0'24 3 10 1.0035 .~806 ~1 .3105 -.5922 
3 12 1 .2959 .5385 ~8 .3231 -.642 0 
3 14 1.6168 .5851 ~8 .3353 -.6821 
3 15 1.7987 .5812 ~9 .3351 -.6987 
4 0 .0196 -.2464 
- .38H -.6012 ~ 0 -. OZ61 .... Z711 
-
.4.l~ -.584 • ~ 2 .1488 ,0173 ~O ,3906 -.6221 ~ 2 .8115 -.0,., 52 .4683 -.6)00 
~ 
" 
.2980 .2283 45 ~3908 -.6511 4 4 1,60\21 .1114 51 ,"'S6 -.6831 ~ 6 .~933 .3'41 46 .3932 -.6974 ~ 6 Z.5-414 ,Z423 51 .5680 -.1610 ~ 8 .7384 .3732 41 .398e -.1399 ~ 8 3 • ..,90\ .3415 51 .6119 -.a.l. ~ 10 1.0173 .~120 ~e .4141 -.19)9 
~ 12 1.3052 .4H2 ~8 .~3H -.8502 
~ 14 1.6183 .522~ ~9 .~~23 -.9012 
~ 15 1.8003 .5 228 49 , 4 .. .-.2 -,924-5 
, 0 -.0411 -.3111 
- .5221 -.H95 1."0~ 
5 2 .8000 -.0874 52 • .se74- -.811% 109015 
5 
" 
1.6)66 .OTI. 51 .1>112 -. 8641 2.2.1g~ 
5 6 2 .5225 .1916 51 .1000 -.9513 2 .5-961 
5 8 3.4906 ,3209 51 .7210 -1.0504) 
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TABLE II . - EXPERIMENTAL RESULTS - Continued 
fJ. a. CN Cm 
x. Cz Cy Cn fJ. 
a . CN Cm 
x. C, Cy Cn deg deg 1;1 deg deg %1 
(q ) COnfIguration B (Vu VZ) trap (h) Configuration BWf(Vu VZ)trap 
0 0 -.0150 
-
,0010 - .0058 0 0 -.0635 
' 0004 - -.ou. -.G." .~ 0 2 .1117 
.2'6' )0 • 0016 .0029 0 2 .n .. -1871 ~ -.OlM ,gOll ,1-"; 0 • .2296 .5526 H -.0016 • COlli 0 • 1.~3 .3225 50 -.oon -.0071 •• GG' 0 6 ... 208 .701 .. 37 .oo .. e .Olle 0 6 2.~OO . 4480 50 -.00.1 .00)1, .14U 
0 8 ,6132 .1139 4) • 0001 -.0102 0 8 ).S843 
- 5"22 50 .OIU ..... ,1 • .... 4 
0 10 ,9711 ,6881 .. , .0112 -,01S0 
0 12 1.2797 .7131 .. 7 .0042 -.0147 
0 H 1.5982 .7507 .7 .0099 -.016.1 
0 15 1.n06 .7812 •• .0005 -,0190 
1 0 .0150 
-
.0051 -.2359 1 0 -,05-48 .0069 
-
-.OO.J -.iJ.u 
.-1 2 .1091 .3271 26 .0076 -.2331 1 2 .II2U .2001 .. , 
.01'0 -.un .'1.Ill' 
1 • .22,7 • .5670 H .0050 -.2231 1 4 1.6725 .3347 50 .04'" -.Z4Ga 1.048 1 6 .4173 .7108 37 .0105 -.2194 1 6 2.5516 .4550 .0 .0501 -.aut 1.1M? 
1 8 ,6699 .7231 42 .0153 -,2:268 1 8 30"14 • 5521 50 .090. -.ze .. 10 .... 
1 10 .9694 .7096 .5 .0301 -.2266 
1 12 1.2769 .7295 .7 .0386 -,2".9 
1 1 .. 1.5975 .7668 47 .0607 -.2510 
1 15 1.nOz .7836 48 .0590 -,2488 
2 0 -.0044 .0257 
-





2 2 .1128 .3325 27 .0144 -.4442 2 2 .1S2S1 .2.U, CJ.. ..., .0502 .Il41e hAG9 
2 • .2'~3 .!l708 H .0120 -."77 2 .. 1.6805 "570 to .09'3 - .... 14 1.7Ul 2 6 '''241 .7081 37 .0166 -.4581 2 • 2."65 04637 ,0 .1212 -.~8J 1._ 2 8 .6775 .1178 43 .0261 -.41~ 2 8 3.S9'" .5650 '0 .J69J -.tln 2 ... a 
2 10 ,9655 .7174 .5 .0466 -.4777 
2 12 1.2807 .73'13 47 .0667 -. "'lS8 
2 14 1.5967 .7575 n .0909 -,"966 
2 15 1.n60 .7687 .. 8 .0973 -.5058 
3 0 -.0090 .0605 - .011' -.70 ... • 0 -.0410 00282 - • 001'2 -.... Z.Z666 3 2 .1161 .3312 2"8 ,0199 -.1048 • 2 .~ .2218 .. 9 .OSH -.70'" Z.nSf 3 ... .24'9 .5514 34 .0187 -.70.a , 4 1.6828 .3636 50 .HU -.7319 a. ..... 
3 6 ''',94- .6858 )" .02" -.7068 , 6 2.5703 .H35 10 .20M -.74M . 
3 8 ,6980 .6891 .. , .035'9 -.72~ J • 3.5786 .5629 to • zsto ·.18 .. 1.-3 10 ,9843- .6877 ... .0592 
-"1347 
3 12 1,2833 .7001 .. 7 ,0882 -.nts 
3 14 1.60 .. 9 .7136 48 .1150 -.7660 
3 15 107792 .7230 'oS .1292 -.7797 
... 0 -.oua .0906 
-
.01H -.94~ .. 0 -.0," .0530 
-
.01 .. - •• ~J.. 
4 2 .1233 .3262 2' .0263 -,941' 4 2 • an, .2320 ~ .l2J7 -.9476 
4 .. • 26'1 • 5295 35 .0257 -...... 4 .. 1.6"777 .3614 50 .n26 -,9M2 
.. 6 
."'2 .6,'8 .. 0 • 0320 -.96~ 4 • 2.5541 ' 4654 50 .2171 -1.001 • 4 8 .7213 .U .. 1 44 .04S6 -.97.9 4 8 '.174' ' ~649 10 .M4J -1.0'" 
• 10 1.0051 .6442 
.. , 
.0732 -.9_, 
.. 12 1.3013 .6590 47 .1113 -1.0100 
.. 14 1.6126 .68-46 .. 8 .1503 -1.02'7 
• 15 1.8027 .6898 .. 8 .1724 -1.0501 
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TABLE II. - EXPERIMENTAL RESULTS - Continued 
(J , (l, CN C m 
x, CI Cy Cn 
(J , (l, CN Cm 
x, 
CI Cy Cn deg deg ?-/ deg deg ~/ 
(I) Configuration B(Bl trap (j) Configuration BwtCBlt r ap 
0 0 -.0373 .1~8 
- ,012' .0027 0 0 -.0380 .0868 
-
-.0115 -.0012 
0 2 .4182 -1.1587 74 . 0102 -.0046 0 2 1.0209 -.aeoo !f9 -.0181 -.0026 
a • ,8.514 -2.H75 75 .0190 -. 0134 0 • 2.0999 -1.90)2 !f9 -.0001 -.005. 0 5 1.0741 -3.0386 75 .0221 -.0120 
0 6 3.2632 -3.0196 59 .0040 -.un 
1 0 -.0332 .1268 - . 0122 -.0556 1 0 -.0504 .1072 - -.0116 -.0509 
1 2 .4175 -1.168. 75 .0060 -.0634 1 2 1.0240 -.8811 59 -.0079 -.05._1 
1 • .8523 -2.H07 75 .0109 -.OTI5 1 " 
2.0944 -1.8821 59 .0012 -.OMI 
1 5 1.0779 -3.0688 75 .0137 -.0863 
1 6 3.2500 -3.0105 59 .0030 -.0.3. 
2 0 -.02<}1 ,1189 - .0131 -.1154 2 0 -.0503 .1061 - -.0094 -,107' 
2 2 .4158 -1.1674 75 .0052 -.1247 2 2 1.0284 -.8818 58 .0015 -.1099 
2 
" 
.8784 -2.4661 75 .0063 -.1490 2 4 2.1Ul -1.8'986 59 .0075 -.1227 
2 5 1.0849 -3.0926 75 ,0076 -.1639 
2 6 302320 -2.9814 59 .002e -.1308 
3 0 -.0292 .0965 
-
.0118 -.1854 , 0 -.0753 .1326 
-
-.0013 -,1"2 
3 2 .H52 -1.1729 75 ,0061 -.1933 ) 2 1.0354 -.a&17 58 .0010 -.11~ 
3 . 4 .8659 -2.4161 75 .0030 -.2249 ) 4 2.1152 -1.8~5 59 .0085 -.1&:84 
3 5 1.08,0 -3.0706 15 .0032 -.2"2 
3 6 3.2"319 -2.91Z8 59 .0098 -.198'2 




~ 2 .4188 -1.1800 75 .0058 -.2135 ~ 2 1.0417 -.11891 58 .0Ut -.24'1 
4 4 .8712 -2.4421 75 .0033 -.3115 • 4 2.1305 -1.884, 59 .01:11 -.Uu 4 5 1.1012 -3.0688 74 .0005 -.H91 
4 6 ).2-)59 -2.9292 59 .0109 -.n., 
5 0 -.0253 .0777 
-
.0110 -.3491 5 0 -.0754 .1362 
-
.0011 -.3201 
5 2 .4181 -1.1514 74 .0051 -.3.41 5 2 1.0602 -.11814 58 .0219 -.»Z, 
5 4 .8808 -2.4321 H .0005 -.4143 5 4 2.1330 -1.8425 59 .0231 -.~J'O 
5 5 1.1214 -3.0597 74 -.0038 -.4397 
5 6 3.2189 -2.8329 59 .0061 -.3712 
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TABLE II . - EXPERIMENTAL RESULTS - ConUnued 
/3, a , CN Cm 
x, Cz Cy Cn 
(3, a, CN Cm 
x, q Cy Cn deg deg Yol deg deg "/ 
(k) COnfiguration B(HVu)trap (I) COnfiguration BWt<HVu)trap 
0 0 -.0751 .3'374 - .0001\7 -.0059 0 0 -.08" .2"7 - -.01S1 -,0012 
0 2 .3686 -.'.09 73 .0107 .0102 0 2 .,"'2 -.nu 57 -.1Xl4' .00.0 
0 4 .8247 -2.2586 7. .0225 -.0062 0 4 2.1027 -1.7816 5a -.0011 -.00" 
0 5 1.0593 -2.8652 74 .0277 -.Oln 
0 6 1.2118 -2 .8505 59 .0026 -.001~ 
1 0 -.0761 ,33.3 
-
-.0941 -.1423 1 0 -.o~, ,3006 
-
-.llJ:2 -.U90 
1 2 ,3621 -.93.53 7J -.0783 -.138S 1 2 .9899 -.6770 51 -.OS84 -,12S6 
1 4 .!279 -2.257] 74 -.0779 -.1506 1 4 2.0771 -1.1411 58 -.0781 -.U~'1 
1 5 1.0554 -2.8684 14 -,0643 -,1"3-4 
1 6 3.2143 -2.84'10 ~ -.0677 -.12 .. 
2 0 -.07'34 .3365 - -.1802 -.2875 2 0 -.0866 .3226 
-
-.2057 -.2,.. 
2 2 .3618 -.9169 72 -.1743 -.2823 2 2 .993) -.Ue, ~7 -.1712 -.UU 
2 4 ,8355 -2.2546 74 -.1729 -,29,,0 2 4 2.0910\- -1,7'26. U -,1506 -.26.J.l 
2 5 1.0801 -2.90Sfl 74 -.11>76 -.]000 
2 6 3.2203 -2.8'301 59 -.1300 -.2659 
3 0 -.0676 .3598 
-
-.2764 -.430\9 ) 0 -.0808 .~7 
-
-.2:9401 -.~Z2 
3 2 .3729 -,9080 72 -.2645 -.4,,0 3 2 1.0022 
-'''''''8 51 -.2512 -.)995 3 4 .8384 -2.2236 73 -.2688 -.4523 3 4 2.1037 -1070H 58 -.zzn -.].960 
3 5 1.0733 -2.843' 73 -.2615 -.4587 
J 6 3.2319 - 2 .7918 5' -.1858 -.~ 
4 0 -.0630 ,3738 
-
-.368'2 -.5896 4 0 -.0720 .388'3 - -.3e92 -.S6-" 
4 2 .3853 -.8834 70 -.3560 -.5863 4 2 1.0200 -.6Z211 56 -.n.5 -.542:2 
4 4 .8612 -2.2147 n -.15" -.6113 4 4 2.12" -l.~ 58 -.28'5Q -.5Kl 
4 5 1.0873 -2.8227 n -.3592 -.6291 
4 6 3oll6S -2.718, n -.2S62 -.HM 
5 0 -.0542 .3974 
-
-.4599 -.1S~ 5 0 -.0552 .42., - -.41.3 -0729' 
5 2 .3981 -.8521 69 -.4515 -.7611 5 2 1.0479 -.H86 56 -'~'H -.7842 
5 4 .87504 -2.1616 72 -.4S09 -.18"38 5 4 2.1469 -1.S936 sa -.»60 -.6998 
5 5 1.1118 -2.7867 72 -.4496 -.e015 
5 6 3.2251 -2.6201 U -.128, -.6939 
CONFIDENTIAL 
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TABLE II. - EXPERIMENTAL RESULTS - Continued 
/l. a . CN Cm 
x, Cz Cy Cn 
/l. a . CN Cm 
x, 
CI Cy Cn deg deg 7; 1 deg deg %1 
(m ) Configuration B (HVZ)trap (0) Configuration BWf (HVZ)trap 
0 0 -.0164 -.0313 - .0146 -.0032 0 0 -,05-90 -,0676 - ,009] -.0051 
0 2 .4~96 - 1 .3384 T7 .0147 -.00 17 0 2 1.0750 1.ll8'9 6 0 ,0033 -.0029 
0 4 .8780 - 2 .6248 16 .0205 -. 0223 0 4 2.1700 2.1125 6 0 .OOS7 -.oaz 
0 5 1.1200 -30 2 666 76 . 02 14 -. 0166 
0 6 3.30'90 1,26'" 60 . ozu -.QUO 
1 0 -.oli9 -.0595 
-
.1133 -,14'98 1 0 - • .0288 -.0909 - ,1001 -.1 ..... 
1 2 .4435 - 1.3652 77 .1128 -.15'5 1 2 1.0757 1.1199 6 0 .1J.a8 -.~ 
1 4 .8813 -2 .6270 76 .1076 -,1429 1 
" 
2 .1719 2 .1n6 60 .1335 -.1130 
1 5 1.1140 -3.2725 76 .105 4 -.1637 
1 6 3.3047 3.26M .0 .168' -.1"", 
2 0 -.0067 -.0559 
-
.2156 -.29ge 2 0 -.0314 · -.1127 
-
. 202 6 -.2'871 
2 2 .4440 -1.3741 T7 .2071 -.3034 2 2 l.onO 1. 1'313 60 .2458 -.3105 
2 4 .8831 -2.6561 76 .1983 -.3257 2 
" 
2.170' 2.20'0 60 .2559 -.33n 
2 5 1.1256 - 3 .3063 76 .I9S5 -.3430 
2 6 3.2'9'84 302711 60 .311'3 -.3101 
3 0 - .0132 -.0829 
-
,312 0 -.4524 J 0 -.0421 -.1~2 - .ll63 -. 43S4 
3 2 .It.56 -}.402" 78 . 3084 -.4639 , 2 1 .0582 1 .1528 . 0 .36'13 -.4687 
3 
" 
.8921 -2.6743 H .2912 -.4959 J 4 2 .1 .. U 2 ,2411 60 ._5 -.5111 
3 5 1.1296 -3.~276 76 .2878 -.51S8 
3 6 3 .2996 - 3.301 1 60 .4494 -. 5 68 3 
" 
0 -.0193 -.1123 
-
.4094 -.6124 4 0 -. 0.520 -.15.4 - .0\218 -. 5811 
4 2 .451 0 - 1 .44409 78 .4067 -.633-8 4 2 1. 052" - 1 .1829 61 .4866 -.63"'34 
" 
4 .~46 - 2 .7046 77 .3847 -."74 
" 
4 2 .1518 -2.2512 '0 .510 7 -.'15 01 
4 5 1.1348 -3.3550 76 .3863 -.6980 
4 6 3.277" - 3 .298' . 0 .5800 -.755' 
5 0 -.0296 -.14-42 - • .5064 -.7842 5 0 -. 0 671 -.1703 
-
.5315 -.7526 - ' , 2 
-"'95 -1.4538 79 .50)4 -.8120 5 '2 1.0'60 - 1 .1992 61' ,'050 -.8082 5 
" 
.8918 - 2 .7188 77 .481) -.8552 , 
" 
2 .13-23 -2.2624 60 .6407 -.'.26 
5 5 1.1400 - 3.381.3 76 .4766 -.a~8 
5 6 3.2543 -3.240 6 .0 .69~ 1 -.94-2'J 
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TABLE II . - EXPERIMENTAL RESULTS - Continued 
fJ, "', CN Cm 
x, 
Cl Cy Cn 
f3, "', CN Cm 
x, 
Cl Cy Cn deg deg 7:1 deg deg %1 
(0 ) Configuration B(HV u VI) tr ap (P) Configuration BWf(HVuVI)trap 
0 0 -.0416 .13~ 
-
.0109 -.00" 0 0 -.0632 ,0980 
-
-,0072 -.00 .. 
0 2 ,4007 -1.1363 H ,0159 -,0003 0 2 1.0500 -.M29 5-9 .0019 -. OO lS 
0 4 .8'358 -2.4134- 75 .01 0 1 -.0293 0 4 2.1505 -2.0196 59 .015'9 -.0105 
0 5 1.0688 -3.0357 H .0188 -,0091 
0 6 a.ze90 -3. 1244 59 .0291 -.010S 
1 a -.0461 .1431 - ,0145 -.2368 1 a -,,063 1 ,1054 
-
.0052 -.2,o5 
1 2 .4061 -1.1528 75 .0195 -.2316 1 2 1.0568 -. 9196 5-9 .0418 -.22" 
1 4 .8356 -2.3952 H ,0116 -.2131 1 4 2.1556 -2.0lH 59 ,0653 -,24" 
1 5 1.0669 -3.0216 75 .0201 -,2320 
1 6 3.2716 -). 1Z16 59 . 093~ -.2624 
2 0 -.0469 ,1588 
-
.0232 - .... 711 2 0 -.05-91 ,1190 
-
,00&-2 -,4587 
2 2 ,4063 -1.1470 75 ,0254 -,4-608 2 2 1,0533 -, '282 59 .0751 -,451' 
2 • • 8406 -2.4134 75 .0115 -.4661 2 • 2.1606 -2.0316 5-9 .1147 -.4855 2 5 1.0734 -3.0H5 75 .0151 -,4791 
2 6 3 .n46 - 3.1691 59 ,1622 -,505-4 
3 0 -.0477 .1585 
-
.0253 -.7057 3 0 -.0598 .12'1 
-
. 0170 -. 685. 
3 2 ,4128 - 1 .165 0 75 .0290 ... 69'81 3 2 1.0452 - ,92fl 59 .1078 -.6961 
3 4 ,8-485 -2.41H n .0138 -.7173 , 4 2 .1626 - 2.0383 59 .1681 - .7289 
3 5 1. 0855 -3.0531 15 .0162 -.7295 
3 6 1.2"),56 -30 1214 59 .2403 - . 7492 
4 0 -.0487 .1573 
-
.029'9 -.9418 4 0 -.0613 .13)9 
-
. 02 74 -.9248 
4098 -1 1536 OlH 
- 9430 4 2 1.0527 -.MOl 59 .)498 
-."71 4 4 .85'63 -2.4131 15 .0159 -.9-568 4 4 2.1554 - 2.0282 
" 
.2301 -.973. 
4 5 1.0916 -3.0508 74 .0159 -.9170 




5 0 -, o,6-4 .1941 
-
.on~ -1.1175 5 0 -.0673 .1"9 - .037 ) -1.1662 
5 2 ,4240 -1.1530 71 .0209 -1.1880 5 2 1.0614 -.9345 '9 .1'00 -1.1841 
5 4 .8637 -2.3843 14 .0197 -1.2139 5 4 2.1349 -1. 9885 59 .2790 -1 .21'0 
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TABLE II. - EXPERIMENTAL RESULTS - Continued 
p , a , CN Cm 
x, C1 Cy Cn 
p, a, CN em 
x, 
Cl Cy Cn deg deg 1; / deg deg %1 
(q) Configuration B(Vu)tri (r) Configur ation BWi(Vu)tri 
0 0 -.0374 .1233 
-
.0081 .0057 0 0 -.0158 .1395 
-
-.0248 .OO~8 
0 2 .0115 .~216 
-
.0017 .0029 0 2 .7619 ,3460 ~8 -.0167 .0003 
0 ~ .2094 .6755 2~ .0043 , 0012 0 4 1.6453 ,5051 "9 -.0156 -.0027 0 6 .3957 .8399 )4 .0046 .0043 0 6 2.5128 ·6343 ~9 -.0031 -.0081. 
0 8 ,6408 .8820 ~O . 0109 -.0075 0 8 3.4908 .7527 50 -.0054 -.0235 
0 10 ,9170 . 9306 ~3 .0099 -.0148 
0 12 1.2282 .9498 H .0093 -.0223 
0 H 1.5639 ,9640 ~6 . 0180 -. 0310 
0 15 1,7440 .9515 ~7 .0036 -.0366 
1 0 -.0422 .1394 
- -.056" -.1274 1 0 -. 0159 ,1521 - -.0692 -.1229 
1 2 .0709 •• 331 
-
".0510 -.1251 1 2 .7719 .3566 .7 -.0618 -.1177 
1 4 .2047 .6840 23 -.0457 -.1234 1 ~ 1.6369 -.0595 -.1180 
1 6 .3947 ,8467 33 -.0380 -.1153 1 6 2 .~5 39 .6"1 ~9 -.0553 -,1319 
1 8 .6454 .8792 ~O -.0301 -.11" 1 8 3."74 .7661 ~9 -.0558 -.1344 
1 10 .9166 .9089 H -.0192 -.1122 
1 12 1.2306 .9368 ~5 .0046 -.1 045 
1 14 1.5743 .9492 ~6 . 0252 -dOH 
1 15 1,7564 .9335 47 .0425 -. 1054 
2 . 0 -.0451 .1713 - -.1151 -.2636 2 0 -.0744 .1713 
-
-.125.5 -.2501 
2 2 .0721 •• 531 
-
-.1040 -.2619 2 2 .1719 .3876 ~7 -.1106 -.2396 
2 4 .2099 .6926 24 '-.0972 -.2541 2 ~ 1.6339 .5553 ~9 -.1126 -.2412 
2 6 .3996 .8400 35 -.0840 -.2480 2 6 2.4967 .6153 49 -.0969 -.2480 
2 8 .6562 .8621 40 -. 0 698 -.2396 2 8 3 .... 309 .8004 ~9 -.1054 -.2594 
2 10 .9349 .8591 ~~ -.OUB -.2246 
2 12 1. 2517 .8626 46 -.0077 -.1999 
2 14 1.5867 .86 ~8 ~7 .0272 -.2056 
2 15 1.7725 .8541 H .0410 -.2010 
3 0 -.051t2 .2164 
- -01785 -'4104 , 0 -.0712 .2007 
-
-.188~ -.3865 
3 2 .0751 .~816 
-
-.1610 -.4016 3 2 .7778 .4152 47 -.1629 -.3729 
3 .. .2169 .7047 24 -.1505 -.3993 3 .. 1.6324 .6010 48 -.1590 -.3696 
3 6 .".100 .8364 34 -.1319 -.3919 3 6 2.499 0 .7288 ~9 -.1393 -.3786' 
3 8 .6683 .8425 ~1 -.1077 -.3758 3 B 3.4373 .8510 ~9 -.1379 -.)851 
3 10 .9697 .8189 .~ -.0797 -.354 2 
3 12 1.2782 .7859 ~6 -.0361 -.3310 
3 14 1.5992 .1969 ~7 .0021 -.3297 
3 15 1.7909 .7947 ~8 .0158 -.3327 
I, 0 -.0656 .2890 
-
-.2341 -.55~8 4 0 -.0664 .2596 
-
-.2370 -.5244 
~ 2 .0712 .5263 
-
-.2118 -.5436 ~ 2 .7858 .4165 ~ -.1981 -.5082 
~ ~ .225. .7261 2~ -.1951 -.5.41 4 .. 1 .6141 .6454 ~8 -.1891 -.5005 
~ 6 .4265 .8221 35 -.1740 -.5407 4 6 2.4841 .1863 ~9 -.1715 -.5086 
~ 8 .6963 .8390 41 -.1468 -.5187 ~ 8 3.~568 .93~2 49 -.1707 -.5115 
.. 10 . 9890 .8002 ~5 
-·1136 -.5043 
I, 12 1.2967 .7699 ~6 -. 0700 -.~771 
.. 14 1 .6191 .7847 ~7 -.0261 -.4911 
.. 15 1.8001 .1800 ~8 -.016 2 -.4~0 
5 0 -.0192 .3634 
-
-.2838 
-. 7l7~ 5 0 -.0893 .3193 
- -.2815 -.67~9 5 2 .0~9 .5831 
-
-.2561 -.6981t- 5 2 .7662 .5509 ~5 -.21t21 -.6536 
5 .. .2395 .1478 25 -.2331 -.6925 5 4 1.6316 .7187 ~8 -.2122 -.6339 
5 6 .4524 .8299 36 -.2086 -.6924 5 6 2.5050 .8618 ~8 -.1916 -.6428 
5 8 .1169 .8361 ~2 -.1763 -.6693 5 8 3.~816 1.0162 ~9 -.19".1 -.6474 
5 10 1.0151 .8008 H -.1466 -.6656 
5 12 1.3109 .7850 ~6 -01068 -.6546 
5 14 1.6260 .1864 ~7 -.0611 -.6679 
5 IS 1.8215 .7741 ~8 -.0614 -.6792 
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TABLE II. - EXPERIMENTAL RESULTS - Continued 
f3 . a . CN Cm 
x, 
Cz Cy Cn 
f3. a. CN Cm 
x, 
Cl Cy Cn deg deg 7'; 1 deg deg %1 
(s) Configuration B(VZ )lri (t) Configuration BWtlVZ)lri 
0 0 .0251 -.1595 
-
.0006 -.0029 0 0 -.0297 -.1526 - -.0193 -.0084 
0 2 .1437 .lSS1 42 -.0054 .0030 0 2 .8499 . 0593 51 -.0195 -.0056 
0 4 ,2726 .3966 39 -.ooLt8 -.0028 0 4 1,683-8 .1980 50 .0050 -.0118 
0 6 •• 524 .5319 .2 -.0094 .0105 0 6 2.5312 .3219 50 .0098 -.019Z 
0 8 .7103 .5303 .5 -.0078 .0016 0 8 3.5)67 ."117 50 .0177 -.OU7 
0 10 1.0039 .'262 47 -,0046 -.0043 
0 12 1.3072 .5206 '8 -.0087 -.0013 
0 14 1,6471 .5272 49 -.0077 .0031 
0 15 1.8307 .539'> 49 -.0073 -.0043 
1 0 .0256 -.1455 
- .0594 -.1312 1 0 .0128 -.1397 - .0418 -.1332 
1 2 ,1440 .1511 
'3 .0566 -.13S1 1 2 .8526 .0585 51 .0500 -.1415 
1 .. .2731 .3954 39 .0558 -.1357 1 4 1.6798 .2053 50 .0734 -.159S 
1 6 .4572 .5309 42 .0530 -.1397 1 6 2.5321 .32)6 50 .0885 -.1700 
1 8 .7116 .5307 45 .0539 -.1601 1 8 3.5285 .4166 50 .0966 -.1988 
1 10 1.0015 .5272 47 .0581 -.1772 
1 12 1.3092 .5509 48 .0571 -.1914 
1 14 1.6"09 - .563'> .8 .0592 -.1934 
1 15 1.8315 .5437 49 .0640 -.2107 
2. 0 .02"1 -.1547 
-
.1193 -.2773 2 0 . 0118 -.15~ 
-
.1059 -.2612 
2 2 ,1506 .1328 .. .1216 -.2921 2 2 .8512 .0527 51 .1218 -.2790 
2 4 .2761 .3751 .0 .1229 -.2866 2 
" 
1.bTl3 .2073 50 .1.94 -.3H7 
2 6 .4627 .5008 42 .1179 -.2979 2 6 2.5399 .3221 50 .1689 -.3482 
2 8 .7221 .5114 45 .1218 -.3307 2 8 3.5250 .4221 50 .18'96 -.3an 
2 10 1.0188 .5182 47 .1234 -.3540 
2 12 1.3165 .5513 48 .1306 -.3894 
2 H 1.6~1 .5"1 48 .1333 -.4075 
2 15 1.8291 .5357 49 .1322 -.-U53 
3 0 .0332 -.1818 - .1793 -.0\0218 3 0 .0066 -.1852 - .1712 -.3984 
3 2 .1.5~ .0874 47 .1873 - •• 31 0 J 2 .8502 . 0 305 51 01937 - •• 291 
3 ~ .2930 .3175 42 .1893 
-.-
3 • 1.67~3 .196~ 50 .2324 -.4179 3 6 .4878 .4"52 
"" 
.1858 - •• 713 ) 6 2.5668 .3240 50 .2615 -.5231 
3 8 .7383 .4568 .6 .1879 -.5056 3 8 3.5269 .4150 50 .2808 -.5846 
3 10 1.03 .. .4862 "7 .1907 -.S473 
3 12 1.3233 .5246 48 .1919 -.5782 
3 14 1.6520 .5396 49 .2064 -.617l 
3 15 1.8335 .5030 "9 .2099 -.6"57 
4 0 .0361 -.2308 - .2312 -.5715 4 0 . 0 1.22 -.2312 - .2299 -. 535' 
• 2 .1699 .0251 50 .2505 -.5923 4 2 .8560 -. 0 093 51 .2715 -.S812 
" 
4 .3157 .2349 45 .2535 -.6128 
" " 
1.678'1 .U96 51 .3118 -.U31 
4 6 .5098 .3468 46 .Z520 -.6365 4 6 2 .5416 . 2691 50 .~ - .6960 
4 8 .76"3 .3960 "7 .25H -.68"9 • 8 3.5265 .3773 50 .3615 -.77)4 
" 
10 1.0499 .4397 48 . 2597 -.7337 
" 
12 1.3350 .,,823 48 .2688 -.7818 
4 14 1.6562 • 5231 49 .2801 -.830 .. 
4 15 1.8329 .4795 "9 .2812 -.8469 
5 0 .0413 -.2821 
-
.2894 -.7307 5 0 .0176 -.2557 
-
.2896 -.6857 
5 2 .1825 -.0544 54 .3067 -.7~9 5 2 .8651 -. OSO! 52 .3375 -.7)69 
5 4 .34 03 .1433 48 .3127 -.7869 5 4 1.66n .09~ 51 .3928 -.a049 
5 b .5408 .2558 47 .3157 -.8304 5 6 2.5583 .2136 51 .U99 - .8702 
5 8 .7883 .31~ 48 .3166 -.ano 5 8 30528~ .3192 51 .4'21 -.9570 
5 10 1.0712 .3683 48 .3309 -.9429 
5 12 1.3553 .4218 49 .3422 -.9971 
5 14 1.6666 .4364 49 .3583 -l.OS46 
5 15 1.8433 .4108 "9 .3609 -1.0700 
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TABLE II . - EXPERIMENTAL RESULTS - Continued 
P. a. CN Cm x. C! Cy Cn fl . a. Cw Cm x, ct- Cy Cn dog dog To r Oeg deg ~l 
(u) Conflguration B(Vu V1ltri (v) Conflguration BWr(Vu V!)tri 
0 0 -.0084 -.0180 
- - . 0001 0 0 -.0506 . 0063 
-
.0159 -,0041 
0 2 .113". . 2 670 32 - . 0020 .0103 0 2 .80~2 . 181S 49 . 0121 . 0017 
0 4 ,2384 .SO&2 34 -. 0044 . 01 32 0 4 1,6431 . 3233 ~O .0011 .0001 
0 6 ,4243 .6~79 39 -.0035 . 0 177 0 6 2 .~179 
. 4348 ~O .0091 .0016 
0 8 . 6858 . 66B 43 - . 0006 -. 00 1lS 0 8 3 .56047 
. 5222 ~O .0051 -.0192 0 10 .9711 .6 962 45 -.0013 .0030 
0 12 1.2789 . 6908 47 -.0024 -.0087 
0 14 1.6197 .6732 48 - . 00 61 -. 0 116 
0 15 1.8109 .64-\0 48 - . 0089 -. 0160 
1 0 -.0084 -.0100 
- -.0010 -.2074 1 0 -.0418 . 016 5 
-
.0096 -.2014 
1 2 .1092 . 2935 29 .0070 -01996 1 2 .810 7 
. 1986 49 .oo.s -.19&1 1 4 .2385 . 515. 33 .0089 -.19'S9 1 4 1.6633 
. 3343 50 .0180 -,20,. 
1 6 .4202 .6559 38 .0138 -,1792 1 6 2.53-49 . 45 12 50 .0231 -,212" 
1 8 •• 901 .6642 43 , 02-\5 - . 1811 1 8 3.5315 
. S4S1 50 .O~ -.2,.01 
1 10 .9691 , 6754 46 .0360 -.1830 
1 12 1.2875 . 6776 47 .0561 -.1702 
1 14 1.6243 -;6573 48 .0836 -.1655 
1 1~ 1.8112 .620 2 48 , 09 41 -.1908 
2 0 -.0125 . 0280 
-




2 2 .1089 . 3082 28 .0157 - .4183 2 2 .8132 
. 2197 49 .0252 -.~o.o 
2 4 .2425 .5263 33 .0229 -.405>6 2 4 1."'5 . 36 4 1 50 .0493 -.42)1 2 6 .4321 . MS4 39 .0328 -. 3921 2 6 2,5')-47 
. 4 6 2 4 50 .0704 -.4299 
2 8 .6941 .6488 44 .0491 -.3861 2 8 3 .5204 
. S670 50 .098S -.4126 
2 10 .984, .6339 46 .0731 -.3630 
2 12 1.3062 .5984 48 .1135 -.3535 
2 14 1. 6424- .5927 48 .1536 -.3483 
2 15 1.8190 .5~37 49 .1658 -.3523 
3 0 -.0251 .051~ 
- -.0007 -.6~24 1 0 .04Z2 . 042 6 
-
.OOl6 -.4203 
3 2 . 1 121 . 3066 29 .0246 -.6405 3 2 .8211 . 2279 49 ,0459 -.6208 
3 4 .2B7 .5049 H .0385 -.6340 3 4 1.6118 . 3760 49 .08S5 
-.'452 
3 6 .4Slt8 .6219 40 . 0531 - . 6219 3 6 2.54.76 . 4861 50 .1213 - ••• n 
3 8 .11 07 .620 9 44 .0722 -.~940 3 8 3.5322 . S82S 50 .1538 -.7137 
3 10 1.0083 . 5705 47 .1035 -.51"38 
3 12 1.3269 .5226 48 .153-. -.558' 
3 14 1.6596 . S103 49 01994 -.5636 
3 15 1.8404 . 4727 49 . 2137 -.5786 
" 
0 - .02 95 . 0782 
-
. 0015 -.8718 4 0 -.0)4.4 . 0485 
-
.0117 -.8261 
4 2 .1190 .2973 31 .0351 -.8662 4 2 .8284 3.16 49 .0115 -.8391 
4 .. . 2641 . 4752 37 .0552 -.8522 4 4 I."'" . "37v3 .. 9 .U'9 -"~l 4 6 .4685 .5809 41 .0763 -.8508 4 6 2.553"8 . 4830 50 .1709 -.896-1 
4 8 .7325 . S&<7 45 .0972 -.81506 4 8 3.~359 . 59 46 50 .2105 -.9.,.4 
4 10 1.0327 . 5 .. 51 47 .1361 -.8061 
4 1 2 1.3387 . 4907 48 .1888 -.8037 
4 14 1.6612 .4719 49 . 2401 -.8148 
4 15 1 . 84S0 · .4529 49 .2 518 - . 8315 
5 0 -.0298 .1000 
- . 0049 -1.0911 
5 2 .1253 .28 0S )3 . 0464 -1. 0934 
5 
" 
.2818 .4459 38 .0764 -1.0852 
5 6 . 4892 .5451 42 .1016 -1 . 0124 
5 8 .7490 . 5423 45 .129' -1. 0 "43 
5 10 1.0447 .5160 47 . 1736 -1.0517 
5 12 1. 3~07 . 4796 48 . 2234 -1.0570 
5 14 1.6671 . 4585 49 . 2748 -1.0798 , 15 1.8471 . 43 56 49 .2879 -1 . 1020 
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TABLE II . - EXPERIMENTAL RESULTS - Continued 
fl, a, CN Cm 
x, CI Cy Cn 
fl, a , CN Cm 
x, 
CI Cy Cn deg deg ';1 deg deg "I 
(w) Configuration BWr(Vu)trap (x) Configuration BWr(Vu)tri 
0 0 .0088 .0816 - . 01 6 5 .0056 0 0 -.0791 .1713 - .OO~O .0131 
0 1 .3306 -.3360 6 0 .020 2 -.000\-8 0 1 .3)46 
-.3"' 60 .010~ .0041 
0 2 .7267 -.8915 62 .0166 .0129 0 2 .7~00 -.9271 62 .010' .0011 
0 3 1 . 2303 -1.5565 . 2 . 0240 . 01 15 0 3 1.1939 - 1 . 5260 62 .0203 .Oll~ 
0 ~ 1.629~ - 2 .1184 62 .0209 .0260 0 ~ 1.5829 -2.0120 62 .0181 .Oll~ 
0 5 2 .090 2 - 2.7146 6 2 . 0325 .0292 0 5 2.0600 -2.6853 '2 .0289 .OO~ 
0 • 2.5,.06 -3.3370 6 2 . 02.00 . 02 "-6 0 6 2.4195 -3.Z113 U .020' -.000) 
1 0 .0078 .0935 - -. 0796 -.1322 1 0 -. 0593 ,1462 - -.0567 -.11n 
1 1 .3672 -.3767 6 0 -.0700 -'-1346 1 1 .3342 -.3H6 60 -.04H -.11'0 
1 2 .7382 -.8926 61 -. 071 9 -.116 0 1 2 .7352 - .9211 62 -.0401 -. IUI 
1 3 1 .1886 -1.~940 6 2 -.0640 -.1127 1 3 1.1913 -1.5258 62 -.0340 -.1116 
1 4 1.6220 -2.0832 6 2 -, 06 63 -.1 0 6 0 1 4 1.5842 -2.05" 62 -. 03,,, -. 110 9 
1 5 2 .0759 -2.6801 62 -.0574 -.0922 1 5 2.0605 -2.6932 '2 -.029] -. 10U 
1 6 2 • .5553 -).3He 6 2 -.0685 -.1001 1 6 2.~996 - 3 .2921 62 -.0322 -.1118 
2 0 .0099 .1222 - -.1115 -.2730 2 0 -.0540 .1623 - -.U13 -.2505 
2 1 .3691 -.3558 59 - .16 03 -. 2 7,.7 2 1 .3~71 -,3694 60 -.0986 -.2477 
2 2 .7367 -.8499 61 -016 13 -.2526 2 2 .7U2 - . 9161 62 - .0915 -.239~ 
2 3 1.1901 -1.4548 6 2 -. 1568 -,2471 2 3 1.2a06 - 1 .52 0 1 62 -.0520 -.2'7. 
2 ~ 1.6171 - 2 . 0 ... 56 62 -.15 20 -.2335 2 ~ 1.6207 -2.1U' 62 -.0824 -.2351 
i 5 2.0701 -2 .6402 6 2 -ol~62 -.2295 2 5 2.0709 -2.7009 62 -.0769 -.2]03 
2 6 2 .5600 -3.2963 62 -.15 19 -.2296 2 6 2.5021 -3.2808 62 -.0743 -.2285 
3 0 .0151 .1518 
-
-.26 38 -.4226 3 0 -.03 ... 1 .1621 
-
-.1 .. 9 -.39" 
3 1 .3736 -.3251 59 -.25 23 -.4231 3 1 .3.99 -. 3SS 7 60 -.l.S42 -.39U 
3 2 .1314 -.8039 60 -.2542 - .... 037 3 2 .7774 -.9305 I>l -.1)'98 -.3811 
3 3 1.1928 -1.4116 6 1 -.2,.51 -.3869 3 3 1 . 2096 -1.5096 .2 -.1319 -.3690 
3 4 1.6215 -1.9973 62 -.2430 -.3809 3 4 1.~35~ -2.0985 62 - . 1279 -.3637 
3 5 2.0462 -2.5577 62 -.2 387 -.3781 3 5 2.0827 -2.6938 '2 -.1219 -.3519 
3 6 2 .5516 -3 .224.2 62 -.235 2 -.315 2 3 6 2.5H7 - 3 .2794 62 -.llh -. 3506 
" 
0 .0280 01875 - -.3535 -.5812 4 0 -. 0338 . Z003 - -.ll48 -.5-400 4 1 .3851 -.2822 57 -.3367 -.5691 4 1 .3577 -.3083 59 -.2008 -.525S 
~ 2 .75"~ - .7562 60 -.3-420 -.5"8 ~ 2 .7735 - . 8787 '1 -.1800 -.513-4 
" 
3 1 .190 2 -}.351-4 61 -.33 13 -.5352 ~ 3 1 . Z198 -1.4792 I>l -.1728 -.5041 
• ~ 1.6137 -1.9138 61 -.3255 -.5228 ~ ~ 1.6512 -2.0797 62 -.1~53 -.4953 4 5 2.0543 -2.5130 6 2 -.3187 -.5162 4 5 2.1041 -2.6837 62 -.U20 -.4812 
" 
6 2.5~55 -3.1576 6 2 -.3120 - . 5179 ~ 6 2 . ~52 -3.2639 62 ·.1599 -.47.7 
5 0 .04.91 .220~ 
-
-."415 -.7503 5 0 .0109 .2524 
-
-.U.O -.U8I 
5 1 .3887 -. 2252 56 -. 4296 -.1313 5 1 .335 0 -.2182 57 -.2.73 -",00 
5 2 .n49 -.70"9 59 -.4359 -.7156 5 2 .183-4 -.8195 60 -.2290 - •• 65' 
5 3 1,2257 - 1 .3156 60 - • • 248 -.7050 5 3 1.2714 -1.4154 61 - .2152 -.6570 
5 • 1.6335 -1.5634- 61 -.4111 -.6919 5 
" 
1.6772 -2 . 0~25 61 -.2058 -.6474 
5 5 2 .0863 -2 .415 8 61 -.4069 -.6827 5 5 2.1337 -2.6615 62 -.1975 -.6218 
5 6 2 . 5306 -3.0656 61 -.4038 -.6892 5 6 2.5825 - 3 ,H96 62 -.1967 -.6252 
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TABLE II . - EXPERIMENTAL RESULTS - Continued 
{3, a , CN Cm 
x, C1 Cy Cn 
{3 , a , CN Cm 
x, q Cy Cn deg deg 7; 1 deg deg % 1 
(y) Configuration BWr(VZ )trap (z) COnfiguration BWr(VZ )tri 
0 0 ,1260 -.3376 
-
,00 2 6 0 0 .0335 -,1646 
-
-.0027 ,0030 
0 1 _4.240 -.7293 66 .0081 -,0061 0 1 .3~1 -.6353 65 .0019 
0 2 .80 2 1 -1.2677 65 , 0032 -,0059 0 2 .7937 -1.1956 64 .0061 -.0001 
0 3 1.2548 -1.8755 64 .0080 -.0105 0 3 1.2386 1.7739 63 .0131 .0058 
0 4 1.6585 -2 .~2~3 64 . 0082 , 0 1 0 1 0 4 1.6738 -2.3896 6] . 0 195 .0055 
0 5 2 .1527 -3.0525 63 . 02 39 -. 0 0 0 4 0 5 2 .1200 - 2 .9466 61 .0]07 .0128 
0 6 2.5323 -3.6006 63 .0032 -.0030 0 6 2,5653 -3.5542 .63 .02 92 .0098 
1 0 .1308 -.3466 
-
.1099 -.1469 1 0 .0 34 0 -.1615 
-
.0572 -.1298 
1 1 ,4323 -.7~58 66 .1115 -.1570 1 1 .3941 -,"28 65 . 06" -,1414 
1 2 .8034 -1.2782 65 .1153 -.1678 1 2 .186-6 -1.1892 64 .0740 -.1509 
1 3 1,2600 -1.8809 64 .1194 -.1820 1 3 1,2362 -1.7729 63 .0793 -.1590 
1 4 1.6547 - 2 .4191 64 .1109 -.1689 1 4 1.6652 - 2 .3744 63 .0864 -,1102 
1 5 2.1369 - 2 .9837 63 .1185 -.1763 1 5 2,120 9 - 2 .9558 63 .0902 -.1714 
1 6 2.569 2 - 3 .6300 63 .1116 -.1968 1 6 2,5936 - 3 .5894 63 . 0924 -.1749 
2 0 .0692 -.2530 
-
.2122 -.2912 2 0 .041 0 -,1814 
-
,1240 -.2703 
2 1 .4411 :.7751 66 .220 2 -.30 76 2 1 .~25 0 -.6872 65 .1326 -.2866 
2 2 .8041 -1.2933 65 .2224 -.3222 2 2 .8013 -1.2050 64 .1446 -.303J 
2 3 1. 2 6~6 -1.9117 64 .2234 -.3431 2 3 1.2586 -1.1941 63 .1490 -.3180 
2 4 1.6760 - 2 .4525 64 .2099 -.3"5 2 4 1.6626 -2 .3773 63 .15~1 -.3298 
2 5 2 .1562 - 3 .0659 63 .2138 -.3607 2 5 2 .1235 - 2 .9670 63 .1599 -.3509 
2 6 2. 5636 - 3 .6463 63 .2271 -.3868 2 6 2 .598 0 -3.5931 63 .1618 -.36>62 
3 0 .0668 -.3030 
-
.3183 -.4441 3 0 .0416 -.2169 
- .1870 -.4155 
3 1 .4421 -.8120 67 .334 0 - •• 689 3 1 ."371 -.7~08 65 . 2031t -.4389 
3 2 .8"32 - 1 .3696 65 .3408 -.4936 3 2 .8511 -1.2897 64 .2184 -.4615 
3 3 1.27 30 -1.9<\18 64 . 3 378 -.5147 3 3 1.2628 -1.8322 63 .2182 -.4-838 
3 ~ 1 .6743 - 2 .4536 64 .3146 -.5248 3 4 1.6-116 - 2 .4008 63 .2310 -.5079 
3 5 2 .1403 - 3 . 0821 63 .3151 -.5534 3 5 2 .1272 -3.00 16 U .232.5 -.5329 
3 6 2.5693 - 3 .6696 63 .3461 - • .5832 3 6 2.6044 -3.62.55 63 .2312 -.5513 
4 0 .0687 -.3491 
-
.4276 -.6038 4 0 .0444 -.2632 
-
.2498 -.5603 
4 1 .4<\29 - .830 7 67 .4368 -.6321 4 1 .452 0 -.7848 66 .2660 -.58S.· 
~ 2 .8363 - 1 .3893 65 .4367 -.6539 4 2 .8201 -1.2852 64 .2753 -.6115 
4 3 1.2714 -1.97'14 64 .4443 -.6861 4 3 1.2733 -1.8795 64 .2813 -.'''''2 
4 4 1.6606 - 2 .4596 64 .4068 -.7048 4 4 1.7017 -2.4625 63 .2947 -.673. 
4 5 2 .1489 -3.1183 63 .4116 -.1363 4 5 20161 0 - 3 . 0 879 6J .2980 -.70 78 
4 6 2 .5755 -3.7078 63 .4624 -.1688 4 6 2.620 9 -3.6678 6J .29" -.7348 
5 0 .0579 -.3890 - .5264 -.7828 5 0 .0578 -.3254 
-
.3001 -.7211 
5 1 .4306 -.8728 68 .5372 -.8109 5 1 .4-412 -.8348 67 .3221 -.HH 
5 2 .8282 - 1 .4240 66 .5483 -.8"50 5 2 .8371 -1.H20 65 .3214 -.1814 
S 3 1.3012 -2.0604 65 .5571 -.8878 5 3 1.30 77 -1.9684 64 .)4]6 -.82S4-
5 4 1.6517 -2.4936 64 .5057 -.9064 5 4 1.1181 -2.5278 64 .3523 -.8608 
5 5 2 .1492 - 3 .1570 64 .5080 -.9429 5 5 2.1960 -3.1712 63 .3597 -.8919 
5 6 2.5828 -3.753~ 63 .5836 -.9824 5 6 2.6466 -3.7169 U .3529 -.9371 
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Ii , a, CN Cm 
x, 
deg deg ';1 
(aa) Configuration 
0 0 -.0042 -.0145 -
0 1 .3604 -.5130 63 
0 2 .7863 -1.1174 6. 
0 3 1,Z343 -1.7128 63 
0 4 1.6483 -2.2958 63 
0 5 2.1340 -2.9373 63 
0 6 2.5772 -305407 63 
1 0 -.0084 -.0030 
-
1 1 .355'" -.5008 63 
1 2 .7818 -1.1061 63 
1 3 1.2288 -1.7067 63 
1 4 1.6372 -2.2800 6J 
1 5 2.1383 -2.9464 63 
1 6 2.5674 -3.5225 63 
2 0 -.0131 -.0025 
-
2 1 .3794 ':.5269 63 
2 2 .1812 -1.0996 63 
2 3 1.2294 -1·70 22 6l 
2. 4 1.6265 -2.2655 63 
2 5 2.1112 -2.'f359 63 




3 1 .3944 -.5495 6J 
3 2 .78"35 -1.0891 63 
3 3 1.2172 -1.7038 63 
3 4 1.6290 -2.2521 63 
3 5 2.0927 -2.8892 63 
3 6 2.5668 -3.4940 63 
4 II .0092 -.0147 -
4 1 .3960 -.5428 63 
4 2 .1925 -1.0896 63 
4 3 1.2446 -1.7080 6l 
4 4 1.6549 -2.2843 63 
4 5 2.1002 -2.8980 63 
4 6 2.5763 -3.5124 63 
5 0 .0118 -.001!'! 
-5 1 .3838 -.5126 62 
5 2 .8049 -1.1007 63 
5 3 1.2620 -1.7~ 63 
5 4 1.6624 -2.2781 63 
5 5 2.1n7 .,.2.8692 63 
5 6 2.591!3 -3.436, 62 
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TABLE II. - EXPERIMENTAL RESULTS - Continued 
Cz Cy Cn 
Ii , a, CN Cm 
x, 
deg deg %1 
BWr(VuVZ)trap (bb) Configuration 
.0005 .0059 0 0 -.0377 .0231 
-
.0075 .0073 0 1 .3452 -.495) U 
.0106 .0057 0 2 .n57 -1.0905 •• 
.0154 • 0101 0 3 1,2410 1.68"10 U 
.0215 .0128 0 
" 
1.U31 -2.U50 6) 
.0437 .0067 0 , 2.0913 -2.82~1 6J 
.0414 .0155 0 I> 2.5UO -3 .... 276 .n 
.0094 -.~188 1 0 -.0209 .0020 -
.0212 -.2249 1 1 .3"512 -,4891 6J 
.0342 -.2295 1 2 .7776 -1.0906 U 
.04" -,2345 1 • 1.2373 -l.68H .. 
.0561 -.2257 1 4 1.6nl -2.2577 6' 
.0731 -.2225 1 5 Z,100'" -2.8421 6J 
.0735 -.2496 1 • 2.5315 -).4~' is 
.0158 -.4522 2 0 -.0127 -.0069 
-
.0349 -.4564 2 1 .3793 -.5294 U 
.0563 -,4652 2 2 .7804 -1.0840 U 
.0669 -.4753 2 ) 1.2424 -1.'811 U 
.0820 -.4671 2 4 1.6374 -2.2601 ., 
.0991 -.4708 2 5 2.1065 -2.8687 ., 
.1105 -.itn1 2 6 2.546~ -3.4929 61 
.0278 -.69M J 0 -.0090 .0005 
-
.0500 -.7104 3 1 .3825 -.5>460 .. 
.0189 -.7163 3 2 .8070 -l.Un U 
.0910 -.1'1505 J 3 1.2501 -1.7161 U 
.1015 -,7183 3 ~ 10642'1 -2.3070 U 
.1292 -.7294 3 5 2.1203 -2.915, 6J 
.1424 -.7292 3 6 2.51162 -3.4952 .. 
.0409 -.93-49 4 0 -.0057 -.OO~7 
-
.0'51 -.9423 4 1 .3.30 -.55lJ 6J 
.0977 -.9476 4 2 .8257 -1.1414 6J 
.1216 -.9639 4 3 1.2.692 -1.74506 .3 
.1401 -.,.29 4 4 1.689:5 -2.3309 ) ., 
.1617 -.9706 4 5 2.145 2 -2.~7 6J 
.178'9 -.9799 4 6 2.6039 -3.551, 6J 
.0"52 -1.1910 5 0 -.0019 .0021 -
.0763 -1.1975 5 1 .395 0 -.5510 •• 
.1068 -1.2149 5 2 .8308 - .1.1442 .. 
.1431 -1.2311 5 3 1.n68 -1.8205 63 
.1657 -1.2390 5 4 1.7039 -2.3644 n 
.1919 -1.1846 5 5 2.1669 -3.0094 




BWr(Vu VZ) tr1 
.0001 .016S 
.00'4 .0iU 





















.0303 - ..... S7 
.0777 -.un 
.09"37 -.'U7 
.1070 - • ..asS 
.1220 -.6 ... 
.13.~ -.690 5 







.0189 -1 .08509 
.0449 - 1.0864 
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TABLE n. - EXPERIMENTAL RESULTS - Concluded 
fJ. a . CN Cm 
x, C, Cy Cn fJ. a. CN Cm 
x, C, Cy Cn deg deg 
"I deg deg %1 
(eel Configuration BWr 
0 0 - . 000\3 -.02n 
-
-.00" ,00." 
0 1 .3659 - .""31 63 -.0018 - .0029 
0 2 .1.93 -1.0~9Z 63 .0017 . 
0 3 1.2251 -1."" 63 • 008' -.0016 
0 ~ 1 ."20 -2.2420 63 . 0 110 -.GOO2 
0 5 2.0812 -2.1110 62 .019<> -.003'3 
0 6 2.5361 -3.4143 61 .01~3 .0011 
1 0 -.a.ol -.022~ - -.0061 -.o..a 
1 1 .37H -.50<\04 62 -.0050 -.0503 
1 2 .7692 -1.0516 63 -.004' -.OS42 
1 3 1.2230 -1."~, 63 -.0064 -.0605 
1 ~ 1.6374 -2.2191 63 -.0040 -.0 ...... 
1 , 2,OS'" -2.17131 62 -.0066 -.0,.., 
1 6 2.5320 -3.~058 63 -.013' -.O7~ 
2 0 .0042 -.0225 
-
-.0008 -,102' 
2 1 .3156 ...... 4988 62 -.0097 -.1045 
2 2 .7702 -1.0370\ 63 -.0110 -.1100 
2 3 1,2213 -1.635' 62 -,0152 -.1207 
2 ~ 1.6396 -2.2030 63 -.010 1 -.12604 
2 5 2.0920 -2.1811 6 2 -.0219 -.UM 
2 6 2.5312 -3.3841 62 -.0909 -.14'1 • 
3 0 .0084 -.0230 - .OOl3 -.1 ...... 
3 1 .31~1 -.5008 62 -.0100 -.1105 
3 2 .7745 -1.0305 62 -.001t6 -.1176 
3 3 1.2299 -1.6302 62 -.0182 -.1811 
3 ~ 1 •• 397 -2.1916 62 -.0193 -.1 ... 
3 ~ 2 .1035 -z .n~2 62 -.0165 -.2110 
3 6 2.~7~ -3.3633 62 -.0 .. 44 -.Z238 
4 0 .0084 -.ono - .0083 -.23.35 
~ 1 .3794 - .... 9-7, 6 2 -.0071 -.23" 
~ 2 
.11"" -1.0211 62 -.01 1"8 -.2470 
4 3 1.2321 -1.6095 62 -.0251 -.26') 
4 4 1,"25 -2.1783 62 -.0204 -,21., 
~ 5 2.1209 -z.noe 62 -.0439 -.Z9't2 
4 6 2.5649 -3.3S69 62 -.0568 -.3116 
5 0 .0124 -.0314 - .0157 -,3216 
5 1 .3705 -.4780 ~2 -.00)6 -.3262 
5 2 ,7921 - 1 .01~8 62 -.0143 -.).4.2, 
5 3 1.2771 -1.6462 62 -.0266 -.3586 
5 ~ 1.6722 - 2 .1793 62 -.0366 -.llSI 
5 5 2.1,,1 -2.7972 62 - .05 21 -. ) ·960 










Rel at ive wind ">-
Figure 1 .- System of body axe s for tests . Arrows indicate positive 
angles, for ces, and moments. 
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2 000 ~ With wing in rearward r· I ~ position, only tails 





1 1 8 
liS
I _~ n 
l.cx){) 1:= k I ?ooo~ ~ r Alternate tail 




.563 -1 ~ ~ h.20h~---r..J ·k .100 
16.250 R 0 ~ 0 




51 I- =-r. + 
",-"---- 6.162 ---~~ 
-H- .100 
-1 .. 693 
2.126 
~ :[e56  
~--------12.0oo -------~-t 
Figure 2 .- Schematic diagram of typical configuration showing wing in 




NACA RM L58E26 CONFIDENTIAL 
-&----3 4 
~+ + - + 
~+~+ 
tr--~ t 
(a) Tail configurations tested 
with wing off: forward, and 
rearward. 
(b) Tail configurations tested 
with wing off and forward. 
37 
Figure ).- Schematic diagram of tails tested on configurations with and 
without wings. 
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-?-3.2 .4 0 0 0° 





2.0 of!. -.8 ~ 
+' I': 





'M -1. 2 Q) 1 . 6 .... 
° 
.... 0 Q) 
Q) 0 0 e +' 0 I': 






+' -2. 0 
.8 'M Jl. 
.4 -2. 4 
o ~------~-----;-------1 
-.4 o 2 4 6 o z 4 6 
Angle of attack , a , deg Angle of attack, a , deg 
(a ) Tail configuration (HVuV~)trap. 
Figure 4.- Effects of presence of wing and wing position on longitudinal 
aerodynamic characteri stics of configurations with various trape-
zoidal tails . 
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3.6r------,-------,------, 
.8 
~ Wing Tail 
0 00 Ofr 0 ~ 
0 00 Forward 











+> 2.0 CIl 
- .8 ..-l d 0 CIl 
'M 
.,..( IH 0 
.... 
..-l CIl \oi 0 
.... 0 CIl 
0 1.6 ~ -1.2 0 
CIl CIl () 5 ~ , 
'1 ~ r-l 1.2 B .c -1.6 0 ~ 0 













-.4 '---__ .....1...-__ ---'-__ --"' 
o 2 4 6 
Angle of attack, a , deg Angle of attack, a ,deg 
(b) Tai~ configuration (HVu)trap ' 
Figure 4. - Continued . 
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-.4-
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0 5 'i( 
r-i 
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-.4 '--__ -L-__ .......L... __ -J 
-3.6 :&...-----L----4--__ -J 
o 2 4 6 o 2 4 6 
Angle of attack, a , deg Angle of attack, a ,deg 
(c) Ta i l configuration (HVr) t r ap · 
Figure 4.- Conti nued . 
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-.b ......... ___ L--__ ---''---__ ---l 
o 2 4 6 










-3.2 1--__ ---1 ___ -4-___ ..... 
-3.6 L-__ --l. ___ -l-__ --' 
o 2 6 
Angle of attack, a , deg 
(d) Tail configuration (H)trap· 











o 2 L 6 8 10 1 2 16 
Angle of attack, a , deg 
(e) Tail configuration 
Figure 4 .- Continued . 
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.8iT-XT, -=~d....!!.:, ::;;;.-~~~~,~ ==;~~~S::J-..o~, 1 .4~ 
O~----1-----~-----r-----+-----+----~------~--~ 
\ 
o 2 4 6 8 10 12 14 16 
Angle of attack, a , deg 
(e) Concluded . 
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3.6~----~----~----~----'-J----'-----------------' 
~ ~ Wing Tail 
Forward 
LJ 
/ 3. 2 1---+-f-----t-----+--7 t----t 2.8~----~----~----~1;f~---+-----+-----r-----'-----1 
h 
2.L. ~f-----+-I +-----+---+-----+---t-----1 
~ 2'0~----~----~v-4--~----~----~-----+-----+-----1 ~ 
~ I J~ ~ 1.6~----~--~¥-----+-----+-----+-----+---~~--~ 
l ~ 
.8 ~/---A/.:-t~. --+-------+W-~--+-7V~---+-----t---------1 
.417 I ~ 
~·V~·~I O~~~+-----+-----+-----+-----+-----+-----~--~ ~r 
_.L.L-----L-----L-----L-----~----~ ____ ~ ____ ~ __ ~ 
o 2 6 8 10 12 16 
Angle of att a ck, a ,deg 
(f) Tail configuration (Vu)trap. 
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.8 ~" 
~~v-<) 
.4 ~~~-+----1--+--+----+----+------I <~ 
O~-+--+-~--~--~~--4-~ \ 
-.4 ~:-\-t---+----+---+--+----+----l-------l ~ ~" ~ -.8 t-------\I\---+----+----+--+----+--4----I i f ~ -1.2 I-----_+_' \-\-\--\ +----+--+--+----+----+--------1 l \~ ~ -1.6 t---+--.!:~=t-\+ \---+--I------+---+---+-~ ~ \ \1\" 
-2.0 I--_+_-\-\t\-------+--+--+----+----+--------I ~ 
-2.4 t---+--t--\--\------\ \ f----+------1f----+------1~ 
-2.8 t-----t---+-~~~( -I---+---+-----+------l 
-3.2 t--_+_--+----\t\ --+--+----+----+--------1 
6 8 10 12 14 16 
Angle of at tack, a , deg 
(f) Concluded . 
Figure 4.- Continued . 
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3.6...-----.----.-----...------r----y--------, 
/ J! Wing Tail o 0° 0 o 4° Off J 
o 0° Forward 
6 4° LJ 
~ 0° 
D 4° Aft 
-.4 '----4--_~_------'----_---L_----' __ _'______~_--' 
o 2 4 6 8 10 12 14 16 
Angle of attack, a J deg 
(g) Tail configuration (V2)trap· 
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.8 
~ '-; '1 j 
.~ :p--~ .4 o 
.~ . 






































o 2 4 6 8 10 
Angle of attack, a • deg 
(g) Concluded. 
Figure 4. - Concluded. 
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_.4~-----L----~------+-----~----~L-----J------+----~ 
o 2 6 8 10 12 14 16 
Angle of attack, a ,deg 
Figure 5.- Effects of presence of wing and wing position on longitudinal 
aercdynamic char acteri stics of configurati ons with vertical triangu-
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2 4 6 8 10 
Angle of attack, a ,deg 
(a) Concluded. 




12 14 16 
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3.6~----~-----r----~-----'.-----.-------~---------, 
_.4~----4-----~----~----~----~----~------~--~ 
o 2 4 6 8 10 12 14 16 
Angle of attack, a ,deg 
(b ) Tail configuration (Vu)tri. 
Figure 5.- Continued. 
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-.8 or< 0 
.8 































-2 .8 \ 
-3 .2 t< 
- 3. 6 
o 2 4 6 8 10 12 14 16 
Angle of attack, a , deg 
(b) Concluded . 
• 
Figure 5.- Cont i nued . 
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J3 Wing Tail 
Forward 
-.4L-----+-----~----~----~----~----~----~----~ 
o 2 4 6 8 10 12 14 16 
Angle of attack, a , deg 
(c) Tail configuration (Vl)tri. I 
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.8r---~----~----~--~----~----~--~1~--~ 
-.4 ~ 
~ -.8 , 
.., -1.2 t---~\~----t----+------+-----t-----+------+------I ~ .~ j -1.6 ~ 
r'O ~ 
-2.4 t-----t--.....wl~r---+---+-----1--+---I--~ 
-2.8 t----+-----t--\-\--\ +-----+------+--+----+-----1 
~.2r----r----r-~~H-r----+----+----+----+---~ .~ 
-3.6 ~---t-----+----\-~---+-----l------+----l------J I ~.o~ __ ~ ____ ~ ____ L-__ ~ ____ ~ ____ ~ __ ~ ____ ~ 
o 2 4 6 8 10 12 16 
Angle of attack, a , deg 
(c) Concluded. 
Figure 5 .- Concluded. 
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Figure 7·- Effects of various tail arrangements on the wing-on and wing-
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Figure 8 .- Experi mental and theoretical wing-alone normal force 
and pitching moment for the rectangular wing of the present 
configurations. 
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Figure 9 .- Experimental and theoretical normal-force and pitching-
moment coefficients for various combinations of a body, a cruciform 
trapezoidal tail, and a wing in the forward position. ~ = 00. 
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Figure 10.- Effects of angle of attack and wing position on the varia-
tion of aerodynamic characteristics with angle of sideslip for con-
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Figure 10.- Continued. 
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Figure 10.- Continued. 
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Figure 11.- Effects of angle of attack and wing po s ition on the varia-
tion of aerodynamic characteristics with angle of sideslip for con-
figurations with triangular tails. 
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Figure 11.- Continued. 
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Figure 12.- Effects of angle of attack and wing position on the varia-
tion of aerodynamic characteristics with angle of sideslip f or a 
configuration with no tail . 
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Figure 13 .- Effect of angle of attack on the side force and rolling 
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Figure 14.- Effects of body vortices on an upper triangular tail in 
combination with an ogive-cylinder body. 
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(a) Side-force coefficient. 
Figure 15.- Effects of body vortices on an upper trapezoidal tail in 
combination with an ogive-cylinder body. 
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Figure 15.- Concluded. 
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Figure 17.- Incremental rolling moment due to angle of attack plotted against vortex posi tion 
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Figure 19.- Various sources of lateral forces and moments contributing to the resultant forces 
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Figure 19.- Concluded. 
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(a) Side - force coefficient. 
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Figure 20.- Effect of angle of attack on Cy and Cr for a body-wing-
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Figure 21.- Vertical-tail efficiency in Cy~ and C7,~ for a number of vertical tails in COID-
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Figure 22. - Effect of angle of attack on the experimental and theoreti-
cal lateral stability parameters of several generalized missile con-
figurations consisting of an ogive-cylinder body, a wing in the 
forward position, and various arrangement s and plan forms of vertical 
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Figure 23.- Normal-force and side-force characteristics for a body of revolution at combined 
angles of attack and sideslip, illustrating equations contained in appendix B. \0 f-' 
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